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EXECUTIVE SUMMARY

Union Pacific Railroad (“UPRR”) has been conducting site investigation and remediation
activities at the Ogden Rail Yard under the framework of the Comprehensive Environmental
Response and Compensation Act (“CERCLA™) since 1997. UPRR'’s current work at the rail yard
is being implemented pursuant tc a CERCLA Administrative Order on Consent (“AQC”) entered
into between UPRR and USEPA in 1999 (USEPA Docket No. CERCLA-8-99-12, May 28,
1999). A feasibility study (“FS") is an integral part of the overall site investigation and

remediation process.

With respect to the feasibility study, the AQC requires UPRR to conduct a detailed analysis of
remedial alternatives (Task VI) including providing USEPA with a Final Feasibility Study report
which reflects the findings in USEPA’s baseline risk assessment. USEPA guidance on RIFS

format was followed to document the development and analysis of remedial alternatives.

The process and purpose for the FS were restated in the Site Management Plan - Revision 1
(Forrester, July 2003c). Based upon these documents, the purpose of the FS is to provide the
basis for the proposed plan for remedial action and documentation of the development and
analysis of remedial alternatives. This document also presents an updated evaluation of the
remedial action alternatives based on regulatory comments réceived from the Report on

Comparative Analysis.

The USEPA Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (USEPA, October 1988), provides the general scope and organization for the FS.
Specifically, the guidance provides a suggested FS format and defines various criteria used for

‘the remedial alternatives comparison. This FS follows the suggested format including:

e Review of site background information (Described in detail in the Phase II Remedial
Investigation Report and summarized in this FS, but not discussed in this Executive
Sumrmary)

e Definition of remedial action objectives

¢ Development and detailed analysis of alternatives

Vi
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+ Recommendation of a selected alternative based upon a comparative analysis of

alternatives

REMEDIAL ACTION OBJECTIVES

The FS content has generally been divided into two basic areas: the Northern Area (“0OU-01")
and the Ogden Rail yard Groundwater (“OU-04").

Northern Area
RAOs for the Northern Area OU (“OU-01"") are as follows:

1. Protect human and ecological receptors from exposure to DNAPL contaminated
sediments at the 21% Street Pond.

2. Prevent unacceptable exposure risk to current and future human populations presented by

direct contact, inhalation, or ingestion of contaminated groundwater.

3. Prevent potential future groundwater plume migration as necessary to protect current
beneficial uses and potential beneficial uses of groundwater in the vicinity of the site, and

to be protective of surface waters and their designated uses.
4. Restore the groundwater to beneficial uses (as technically practicable).

5. Treat, contain, or remove DNAPL to prevent or minimize further spread of the DNAPL.

Rail Yard Groundwater
RAOs for the Rail Yard Groundwater QU (“OQU-04") are as follows:

1. Prevent unacceptable exposure risk to current and future human populations presented by

direct contact, inhalation, or ingestion of contaminated groundwater.

2. Prevent potential future groundwater plume migration as necessary to protect current

beneficial uses and potential beneficial uses of groundwater in the vicinity of the site, and

to be protective of surface waters and their designated uses.

Vil
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3.

4.

Restore the groundwater to beneficial uses (as technically practicable).

Treat, contain, or remove sources of ongoing contaminant loading to the groundwater

plumes.

DEVELOPMENT AND EVALUATION OF ALTERNATIVES

An initial selection of technologies which appear to be the most likely candidates for

implementation at the Ogden Rail yard site was completed at an earlier time as a preliminary step

in the FS prbccss. The initial screening that was performed and the RAQs agreed to with the

agencies were used to develop the list of altenatives provided below.

Northern Area Operable Unit

Remedial Action alternatives evaluated for the Northern Area QU (“OU-017) are as follows:

1.

2.

No Further Action.

Interim actions implemented to date with Monitored Natural Attenuation and institutional
controls. Actions implemented to date include the fence around the DNAPL-impacted
sediments, pond water level management, and limited DNAPL recovery. Additional

groundwater sampling will be conducted to monitor DNAPL-related contaminant levels
in groundwater.

Pond sediment containment remedy with DNAPL recovery and institutional controls.
Screening and refinement of the pond sediment remedies previously presented in the
Focused Feasibility Study was performed to identify the preferred remedy for the
DNAPL-impacted sediments in the 21" Street Pond. A DNAPL recovery alternative
based on the results of the DNAPL recovery pilot test and the additional DNAPL zone
characterization work will be developed. It is anticipated that this alternative will focus
on application of the dual phase recovery method (the technelogy successfully used in the
pilot test) in stratigraphic lows where continuous phase DNAPL exists in the greatest
quantities. Additional groundwater sampling will be conducted to monitor DNAPL-

related contaminant tevels in groundwater,

viit
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4. Pond sediment excavation remedy with intensive DNAPL zone treatment and
institutional controls. This alternative incorporates a more intensive DNAPL zone
treatment approach that maximizes reduction of contaminant mobility, volume, and
toxicity with the goal of full restoration of beneficial use. The specific treatment
approach that was incorporated into the alternative is dynamic underground stripping (a

steam technology).

5. Pond sediment excavation remedy with DNAPL recovery and instifutional controls. This
alternative. incorporates removal of the impacted sediments from the 21st Street Pond as

described in Alternative 4, and the DNAPL recovery described in Alternative 3.

Rail Yard Groundwater Operable Unit

Remedial Action Altematives to be evaluated for the Rail Yard Groundwater OU (“OU-04™"} are

as follows:

1. No further action.

2. MNA. Evalvation of this alternative will incorporate the results of the additional

groundwater monitoring and natural attenuation characterization work.

3. Focused source removal with MNA. This alternative will include actions to address the
wastewater sewer lines and machine shop associated with the former Southern Pacific
Railroad (“SP”) facilities, which appear to be a potential source of ongoing CVOC
loading to the North CVOC Plume.

4. Aggressive source area remediation with MNA. This altemative will include actions to
more aggressively treat potential sources of ongoing CVOC loading to the North CVOC
Plume. This alternative considers air sparging in the zones of highest CVOC
concentration.

5. Perimeter groundwater treatment. This alternative will include actions to actively treat
groundwater along the site perimeter, to ritigate the potential for offsite migration of

CVOC-impacted groundwater. This alternative is comprised of a line of air sparging

ix
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wells that will create a treatment zone through which impacted groundwater must pass

before offsite migration.

6. Aggressive Source Area Remediation and active groundwater remediation with the
objective of restoration of groundwater beneficial use as expeditiously as possible. This

alternative considers air sparging over the entire extent of VC impacts.

Evaluation Criteria

For a remedial action to meet the statutory requirements, it must:
e Be protective of human health and the environment.
e Attain ARARs or provide grounds for invoking a waiver.
¢ Be cost-effective.

e Use permanent solutions and alternative treatment technologies, or resource recovery

technologies, to the maximum extent practicable,

¢ Satisfy the remedial action objectives or satisfy the preference for treatment that reduces

toxicity, mobility, or volume as a principal ¢lement.

In addition, other statutory requirements emphasized by the Comprehensive Environmental

Response, Compensation, and Liability Act (“CERCLA”) include an evaluation of the long-term
effectiveness and the following related considerations:

* The persistence, toxicity, and mobility of the hazardous substances and their constituents.
+ Short- and long-term potential for adverse health effects from human exposure.
¢ Long-term maintenance costs.

e The potential threat to human health and the environment associated with excavation,

transportation and re-disposal, or containment.
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These requirements have been condensed into nine evaluation criteria, which serve as the basis
for evaluating the alternatives in the detailed analysis. These nine criteria include: overall
protection of human health and the environment; compliance with ARARs; long-term
effectiveness and permanence; reduction of toxicity, mobility, or volume; short-term

effectiveness; implementability; cost; state acceptance; and community acceptance.

The evaluations of alternatives relevant to the evaluation criteria for the Northern Area Operable
Unit and the Rail Yard Groundwater Operable Unit are provided in Tables 4-1 and 7-1,
respectively.

SELECTED REMEDY BASED UPON ALTERNATIVES COMPARISON

Northern Area Operable Unit

Based on the comparative analysis, key remedy selection considerations are as follows:

» The UPRR Project team is not aware of any site with a large DNAPL zone at which
restoration to drinking water quality criteria throughout the impacted zone has been
achieved and documented. Based in part on this finding, groundwater restoration (that
is, achievement of MCLs throughout the DNAPL impacted zone) is considered

technically impracticable.

+ Altermative 3 reliably achieves all of the remaining RAOs in a relatively short time period

(that is, a few years).

e Alternative 3 addresses the DNAPL impacted pond sediments by capping them in place.
Once these sediments are capped, human and ecological receptors will be protected from
direct exposure to the sediments. Capping the DNAPL sediments in place is consistent
with the remedial action component for the DNAPL zone (waterflood DNAPL recovery),
in that both alternatives will rely on institutional and/or engineering controls to manage

the potential risk posed by residual DNAPL-impacted soils and sediments.

» Relative to Alternative 3, Altematives 4 and 5 incorporate a significantly higher level of

effort and cost in reducing contaminant concentrations. However, even after this more

X1
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intensive and costly remedial action effort, long-term site management requirements (for
example, the need for institutional controls to manage residual impacts) would remain

essentially the same as for Alternative 3.

Alternatives 4 and 5 include excavation and off-site disposal of DNAPL-impacted
sediment and soil from the 21" Street Pond. Although the intent of the excavation is to
remove all of the impacted sediment and soil, it is possible that a fraction of the material
may not be removed due to limitations in locating the impacted material and in
effectively removing the sludge and soil from the saturated pond bottom. Confirmation
sampling also has its limitations with regard to verifying that all DNAPL-impacted
material has been removed. Therefore, although excavation will remove the majority of
the DNAPL-impacted soil and sediment, residual materials that are not identified and/or

not removed may create a potential for future DNAPL exposure.

Alternative 4 poses a significant challenge with respect to protection of human health and
the environment during remedia! action. Because the DUS process relies on making the
DNAPL more mobile, there is an accompanying potential for unintended contaminant
redistribution. Preventing the mobilized DNAPL from impacting water quality in the 21*
Street Pond would be of particular concem.

Based on alternative comparison, including the above considerations, Alternative 3 is the

preferred alternative. Alternative 3 clearly provides greater value than the other alternatives. In

summary, the recommended altemative consists of the following:

DNAPL impacted 21* Street Pond sediments will be contained and capped in place. A
cofferdam will be constructed in the pond’s southeast corner to segregate the DNAPL
impacted sediments from the remainder of the pond, and then the sediments will be
backfilled to eliminate the potential exposure pathway, The estimated construction time

for capping the sediments in place is 16 weeks.

DNAPL recovery will be performed to deplete continuous phase DNAPL. A maximum
of four pools of potentially recoverable DNAPL have been identified and each will be
depleted to the extent practicable. DNAPL recovery will be performed by applying the

xii
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pumping recovery technelogies used during the 2002 pilot DNAPL recovery project.

The estimated time to complete DNAPL recovery of these areas is 3 years.

Institutional controls will be applied to ensure that direct contact, inhalation, and
ingestion of impacted groundwater will continue to be an incomplete exposure pathway.
Institutional controls to could be applied in short time period. Menitoring will continue
to be performed to ensure that surface water and other groundwater in the vicinity of the

site are protected.

Rail Yard Groundwater Operable Unit

Based on the comparative analysis, key remedy selection considerations are as follows:

Natural attenuation processes at the site are very significant in limiting plume migration,
providing complete dechlorination of chlorinated solvent constituents to innocuous
byproducts, and even in reducing plume extent (as data for the South VOC plume
suggests). The UPRR project team is unaware of a single site in the country where
natural attenuation processes are performing any better with respect to control of
chiorinated solvent plume migration. The site is an ideal candidate for a groundwater

remedial action approach that incorporates MNA as a key component.

Sludge in abandoned sewer lines appears to be a source of continued contaminant loading
to the northern CVOC plume. Cleaning and/or grouting and capping of the sewer lines
coupled with removal of heavily impacted soil (as appropriate) is a cost-effective source
control measure. The effectiveness of more intensive source control efforts is uncerfain,
particularly if there are any small pockets of chlorinated solvents present in the form of
DNAPL (as suggested by some of the data).

There is no clear advantage in the ability of aggressive remediation options to achieve the
RAOs compared to Altemative 3. All of the alternatives (except the No Action
alternative) are capable of achieving all the RAOs in a short time period, except the RAQ

of restoring the groundwater to beneficial uses (as technically practicable).

il
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o The timeframe for groundwater restoration with MNA is reasonable compared to
aggressive groundwater treatment. Aggressive source area treatment likely reduces the
time required to achieve site restoration, but the increased cost of more aggressive

treatment do not provide certainty regarding the magnitude of the reduction.

¢ The timeframe for groundwater restoration with MNA and focused removal is reasonable
compared to MNA with aggressive sowrce removal. Spending a substantial amount more
for aggressive treatment is not appropriate given the ability of Alternative 3 to achieve all
the RAOs, and the uncertainty in the ability of aggressive removal options to achieve

meaningful source removal and shortened cieanup times.
In summary, the recommended alternative consists of the following;

o Institutional controls will be used to prevent future exposure to contaminated

groundwater.

+ Monitored natural attenuation will be used to monitor the plume and ensure that the

plume is not migrating and that surface waters are protected.

* Focused source removal will be performed to remove a significant source of groundwater
contamination. Focused source removal will consist of; (1) cleaning and in-place
abandonment of PVC and steel tributary sewer lines, (2) cleaning removal of the main
10-inch diameter sewer trunk line composed of vitnified clay pipe, and (3) removal of the
most heavily impacted material (i.e., visually impacted soil and bedding) from the trunk

line excavation.
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1

1.1

INTRODUCTION

PURPOSE AND ORGANIZATION OF REPORT

Union Pacific Railroad (“UPRR) has been conducting site investigation and remediation
activities at the Ogden Rail Yard under the framework of the Comprehensive Environmental
Response and Compensation Act (“CERCLA™) since 1997. UPRR’s current work at the rail yard
is being implemented pursuant to a CERCLA Administrative Order on Consent (*AOC”) entered
into between UPRR and USEPA in 1999 (USEPA Docket No. CERCLA-8-99-12, May 28,
1999). A feasibility' study (“FS") is an integral part of the overall site investigation and

remediation process.

With respect to the feasibility study, the AOC requires UPRR to conduct a detailed analysis of
remedial alternatives (Task VI) including providing USEPA with the following deliverables:

Report on Comparative Analysis and Presentation to USEPA. UPRR submitied a Report on
Comparative Analysis to USEPA summarizing the results of the comparative analysis performed
between the remedial alternatives. This document was submitted on October 21, 2003. On
November 6, 2003, UPRR made a presentation to USEPA and UDEQ during which the UPRR
project team summarized the findings of the remedial investigation and remedial action
objectives, and presented the results of the nine criteria evaluation and comparative analysis of

the selected remedial action alternatives.

Draft FS Report. With this current document, UPRR is submitting a Draft Feasibility Study report
which reflects the findings in USEPA’s baseline risk assessment. T his document also presents an
updated evaluation of the remedial action alternatives based on regulatory comments received
from the Report on Comparative Analysis. USEPA guidance on RI/FS format was followed to

document the development and analysis of remedial alternatives.

The process and purpose for the FS were restated in the Site Management Plan - Revision 1
(Forrester, July 2003¢). Based upon these documents, the purpose of the FS is to provide the
basis for the proposed plan for remedial action and documentation of the development and

analysis of remedial alternatives.

11
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1.2

The USEPA Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (USEPA, October 1988), provides the general scope and organization for the FS.
Specifically, the guidance provides a suggested FS format and defines various criteria used for

the remedial alternatives comparison. This FS follows the suggested format including:

¢ Introduction including site description, site history, nature and extent of contamination,
contaminant fate and transport, and baseline risk assessment (relying on the resvlts and

conclusions from the Remedial Investigation).

o Identification and screeniﬁg of technologies (relying upon preliminary work completed
by Safety-Kleen in June 2000 and The Forrester Group in November 2001; Appendix A).
Because this is a streamlined FS, only a summary of the results of the preliminary work
completed by Safety-Kleen has been included in this document.

o Development of alternatives.
¢ Detailed analysis of alternatives.
« Comparative analysis of alternatives.

The FS content has generally been divided into two basic areas: the Northern Area (“OQU-01")

and the Ogden Rail yard Groundwater (“OU-04"). This division of the FS was done to streamline
review and comment by varicus project stakeholders such as UPRR, Utah Department of

Transportation (“UDOT""), UDEQ, and USEPA, and because UDOT has been named as a
potentially responsible party (“PRP") for a portion of the northern area (“OU-01").

BACKGROUND INFORMATION (CONCEPTUAL SITE MODEL)

This section provides background information relative to the UPRR Ogden Rail yard, This
information is consistent with and derived from the AOC and the Remedial Investigation Report
(Forrester, September 2003a). A more complete bibliography of site documents is presented in
the 2003 Site Management Plan, Revision 1, Section 8 (Forrester Group, 2003c).

1-2
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1.21

1.2.1.1

Site Description

The areas evaluated in the FS are described below including a brief description of site layout and
a summary of surface water, soil, and groundwater conditions. The Ogden Rail Yard is described
first as it provides a general overview of the site associated with the Ogden Rail Yard including
underlying soil and groundwater. The Northern Area, including the 21st Street Pond, is described
next as this description builds upon the Rail Yard description, but focuses on a smaller area
within the Ogden Rail Yard site. -

Rail Yard

The Ogden Rail Yard is located in Weber County, Utah, to the west of the City of Ogden (Figure
1-1). The Rail Yard generally extends from Riverdale Road on the south, to the Ogden River
(20th Street) on the north; and from the Weber River on the west, to Wall Avenue and Pacific
Avenue on the east. The Rail Yard is elongated in a north-south direction over a distance of 3.4
miles, and occupies the floodplain on the east side of the Weber River. The mean elevation
above sea level across the site is about 4,300 feet. Ground surface elevations range from a high of
4,349 feet at the southern terminus of the Yard (Area of Interest (“AQI”) - 12), to a low of 4,280
feet at the northern end of the Site (“AOL-35""). Most of the site consists of a flat, open yard, with
both railroad-related facilities and private industrial facilities located at various positions along
the perimeter. The operating portion of the Yard, generally extending from the westernmost track
areas to the eastern boundary, is variably covered with concrete, asphalt, rail track, or non-
vegetated soil. The western border of the site contains wildlife habitat areas situated between the

Weber River and western extent of railroad operations.

SURFACE WATER

Figure 1-2 illustrates surface water features at the site. A man-made pond known locally as the
21* Sireet Pond (“AOI-33") is adjacent to the northem edge of the Rail Yard. (AOI-33 is
discussed in more detail in Section 1.2.3.2). The Weber River flows northward along the western
side of the site, after which the channel turns westward at the north end of the Rail Yard and joins

the Ogden River about a mile further downstream. The elevation of the Weber River falls about

60 feet between the southern end of the rail yard at the Riverdale Street overpass and the northern

(downstream) end of the rail yard at 21* Street. The Weber River is typically a losing stream with

13
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respect to the adjacent bank area. This is consistent with the conceptual model that has been
developed by the USGS for mountain streams along the Wasatch Front,

Standing surface water is non-existent in the operating portion of the Rail Yard, with the
exception of intermittent pools following storm events. Standing water has been noted in low
areas between the westernmost tracks and the Weber River. One such area is “Ogden Pond”
(AOI-27) which intermittently contained standing water depending on the season. In July 2004, a
removal action was completed in this AOI which included installation of a soil cap. The cap
elevated the former ground surface by one foot or more, thus eliminating future accumulation of
standing water at this location (Kennedy/Jenks, 2004). Four surface drainage ditches listed below
cross through the Yard and discharge to the Weber River. Sources of water in these ditches are
located in the City east of the Site.

* Burch Creek, AOI-9
* Strongs Creek, AOI-29
s 33" Street Slough

* Unnamed intermittent drainage, AO1-10

SOIL

The uppermost soil type at the site is typically fill. The fill consists of a wide variety of materials,

ranging from silts to gravels, with construction debris and coal/cinders. In the rail yard, fill
extends to a minimum depth of 4 feet. General lithologic or native “soil” units underlying the fill

have been found to be laterally consistent throughout the site (Figure 1-3). These units are:

» A section of graded bedding (overbank deposits) composed of silty clay and fine grained
sand facies that grades downward through fine sand to coarse sand.

e Channel deposits consisting of sandy gravel that underlie the overbank deposits. In
general, the channel deposits begin at the water table and extend to the Alpine Formation
clay.
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¢ Underlying the gravel unit is thick lacustrine clay believed to represent the upper part of
the Alpine Formation, based on its depth of occurrence and continuity across the entire
rail yard. This clay is regionally extensive in the Ogden area. Reaching a thickness of
200 feet, the Alpine forms a confining layer for shallow aquifers (Feth et al., 1966). In
the vicinity of the site, the Alpine Clay is estimated to be over 50 feet thick, based on a
125-foot measured section located 3100 feet east of the site, and on site borings that have
drilled 22 feet into the Alpine without going through it.

GROUNDWATER

The groundwater zone of primary interest beneath the Ogden Rail Yard is the saturated alluvial
zone (Figure 1-3). This zone is continuous across the site, and is comprised of channel deposits
containing poorly sorted gravel in a matrix of silt and fine-grained to medium-grained sand. This
zone typically exists from the water table down to the Alpine Clay. Given the variable depth to
the Alpine Clay, the thickness of the saturated alluvial zone ranges from 1 to 22 feet, with a
typical thickness of 10 to 12 feet.

Alluvial groundwater at the Rail Yard generally flows toward the north/northwest at an estimated
velocity of 5.6 and 11 feet/day in the northem and southem portions of the Rail Yard,
respectively (Figure 1-4). As discussed above, the Weber River is a losing stream with respect to
the alluvial groundwater. The losing nature was determined from hydrostatic elevation data that
was generated for the Weber River and four monitoring wells at various distances from the river
in the Remedial Investigation (Forrester Group, 2003a, Part I, Section 3.3.1). This relationship
would tend to keep the alluvial groundwater from discharging to the Weber River.

The Rail Yard alluvial groundwater is protected as a potential drinking water source because it is
classified as a Class II aquifer (UAC R317-6-3.5). However, given the continued
industrial/commercial use of the site {as recognized in the AQOC) and the location of the site
within the boundaries of the City of Ogden’s municipal water supply system, use of the alluvial
groundwater for water supply (particularly for potable purposes) is not plausible. Potential

downgradient groundwater receptors are located off-site.
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1.2.1.2 Northern Area

The area encompassing a hydrocarbon-based dense non-aqueous phase liquid (“DNAPL”) Zone,
21* Street Pond, and adjacent sections of the Ogden River is referred to as the “Northern Area” of
the rail yard. Topography is generally level across the site, and the ground surface elevation
averages 4,290 feet. The main north-south rail line from the Ogden yard passes along the eastern

side of the site,

A Pintsch Gas Works facility that historically was located at the northemn end of the rail yard is
believed to be the source of the DNAPL, The facility manufactured an illumination gas used to
light rail cars. Research into the site history shows that this facility operated from 1891 to no
later than 1935. The DNAPL zone generally extends northward from the suspected source area
toward the 21 Street Pond and underneath the Ogden River. The extent of the DNAPL zone is
shown in Figure 1-5,

SURFACE WATER

The Ogden River flows westward through the northern part of the site. The Ogden River’s
hydraulic gradient in the stretch adjacent to the site is approximately 17 feet per mile. Based on
an elevation survey that was conducted along the length of the Ogden River, the deepest part of
the stream bottom ranged from 0.5 to 4.8 feet deep. River flow is controlled mainly by

precipitation events (rainfall, snow melt) and release from the Pineview Dam located upstream of
the City of Ogden.

The 21* Street Pond covers about 25 acres on the north end of the site. Historical photographs
show previous land use as being agricultural, prior to the excavation of the pond as a gravel pit by
the Utah DOT in 1973. Water levels in the 21 Street Pond are mainly controlled by inlet and
outlet sluice gates which are connected directly to the Ogden River. During times of low water,

the pond depth varies from 0.6 feet in the eastern end to 5.6 feet in the northern end.

The 21* Street Pond is owned by the State of Utah DOT. It was previous owned by the Utah
Department of Natural Resources (“DNR”), Division of Parks and Recreation and managed as a
recreational fishing pond as part of Fort Buenaventura Park. As a protective measure, the pond
was closed for fishing in June of 2000, due in part to detection of PCBs in the tissue of fish in the

pond that were sampled by the EPA during a portion of the Phase II Investigation. As a result of
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budget cuts, DNR transferred ownership of the remaining pertion of Fort Buenaventura Park to
Weber County in July 2002, Weber County is presently the owner and manager of Fort
Buenaventura Park. Regardless of the future fishery designation of the 21 Street Pond, it is
anticipated based on meetings with UDOT and Ogden City, that the area will continue to have a
recreational use in the future by being incorporated into the City of Ogden’s Ogden River
Parkway system.

The Weber River is not significant relative to groundwater flow in the vicinity of the DNAPL

zone or the 21* Street Pond.

SOILS

The lithology of soils in the Northern Area is very similar to that of the Rail Yard (Figure §-3).
Principle stratigraphic units of concem at the site are alluvial deposits associated with the Weber
and Ogden Rivers and an underlying lacustrine clay. In descending order, the soils encountered

include fill, overbank silts, point bar sands, channel gravels, and lacustrine clay. The gravel

deposits and clay are continuous and generally uniform beneath the site.

The contact between the clay and overlying gravel is typically sharp. The depth of the clay is
variable across the area of investigation and ranges from measured depths of 7.4 to 29.2 feet
below ground surface. Field evidence supports the determination that this clay is an effective
barrier to downward migration or flow of the identified DNAPL. All borings completed within
the area of hydrocarbon contamination show that the DNAPL is pooled on the clay surface and

does not penetrate it.

GROUNDWATER

South of the Ogden River, the general direction of groundwater flow at the northem area is to the
west/northwest. The eastern end of the 21* Street Pond acts as a sink for groundwater flow
(Figure 1-5). The higher water table throughout the site, relative to the pond surface, is
manifested by groundwater seeps that are present along the banks of the pond.

The Ogden River is generally a losing stream in the reaches over the DNAPL zone. Downstream

of the DNAPL zone, the river-groundwater interaction is overshadowed by the sink effect of the
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21* Street Pond. In this area, all groundwater flow south of the Ogden River is toward the pond.
North of the river in the vicinity of the DNAPL zone, the primary groundwater flow direction is
parallel to the river. Along the north bank of the river downstream of the DNAPL zone, there
may be components of lateral groundwater flow in the southward direction. However, given the
sink effect of the 21* Street Pond and the losing-stream status of the river, it is believed that
groundwater which may have a flow vector toward the river would actually flow beneath the river
channel and into the 21* Street Pond. (This is manifested by the potentiometric contours on
Figure 1-5 between the pond and well 33-MW12FP.)

Groundwater flow is mostly through the channel gravels above the clay. The groundwater
gradient in areas of the site located away from the pond ranges from 0.003 f/ft to 0.008 fV/ft.
Nearer the pond, the gradient is 0.084 f/ft. Based on aquifer testing, the hydraulic conductivity
of the channel gravels is 0.1 cm/sec.

Like alluvial groundwater at the Rail Yard, groundwater at the Northern Area is protected by the
State as a potential drinking water source. However, use of the alluvial groundwater for water
supply is not likely given the site’s continued recreational/commercial use and proximity to

municipal water supply.

Site History

The Site was first used as a rail yard by the Central Pacific (predecessor of the Southem Pacific)
and Union Pacific railroads in 1869. Since that time, four railroad companies -- UPRR, Scouthern
Pacific Railroad (“SPRR”), Denver and Ric Grande Western Railroad (“D&RGW”), and the
Ogden Union Railway and Depot Company (“OUR&D™) -- built and operated on various
portions of the Site. SPRR and D&RGW operated in the northern portion of the Site, while
UPRR and QUR&D operated in the southern portion of the Site. With the completion of the
UPRR-SPRR merger in 1996, the entire Yard is now under the ownership of UPRR, with the
exception of the metal-recycling facility owned and operated by Atlas Steel — Western Metals
(“AOI-21%). |

Facilities previously located at the Site include coal yards, freight houses, passenger service
depots, switching yards, machine shops, boiler shops, transfer tracks, oil/water treatment plants,

fuel storage tanks, cold storage houses, warehouses, offices, turntables, and roundhouses. These
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facilities were needed to support the various maintenance and business activities related to
operation of the railroads. Use of the various facilities at the Site has declined significantly and
the majority of the old shop buildings have been demolished.

Both railroad-related facilities and private industrial facilities are located at various points along
the perimeter of the yard. Additional industrial facilities, on both privately held property and on
property leased from UPRR, are located within the confines of the Yard.

Nature and Extent of Contamination

Rail Yard

The most significant groundwater impacts at the site are limited to the vicinities of most intensive
industrial activity. There are two major zones of impact as shown on Figure 1-6. Both zones are

impacted by fuel hydrocarbons and chlorinated solvents.

This first zone, called the south plume, originates from the vicinity of the former location of the
UPRR Roundhouse (“A0l1-22b”). In this zone, there is an area in which historic releases of diesel
fuel have apparently resulted in the sporadic occurrence of fuel hydrocarbons in the form of
LNAPL over an area of approximately 1.2 acres. This LNAPL zone is located within the extent
of a groundwater zone impacted by a variety of chlorinated volatile organic compounds
(CVOQCs™). The CVOCs are believed have resulted from historic releases of chlorinated
solvents and their subsequent degradation. The constituent that has the most widespread
occurrence is vinyl chloride, which is believed to be a degradation product of TCE and/or 1,1,1-
TCA (see Appendix B). The CVOC plume is roughly circular in shape, covering an area of

approximately 17 acres, and also extends to the area of AOI-26.

The second zone, called the north plume, likely originates from the former location of the SPRR
Roundhouse (“AOI-22a"), and Engine Maintenance Area and Machine Shop (“AOI-38"). In this
zone, there are two fuel hydrocarbon LNAPL zones. The LNAPL zones cover areas of
approximately 10 acres and 1.2 acres. These LNAPL zones are almost completely underlain by a
groundwater zone impacted by a variety of CVOCs. The CVOC plume is an elongated oval in
shape, extending downgradient from the source area to northwest of the former SPRR Waste
Water Treatment Plant (“AQI-34"). The CVOC pluine covers an area of approximately 41 acres,

The constituent that has the most widespread occurrence is again vinyl chloride. Vinyl chloride
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found in the north plome is likely the product of chemical transformation of PCE, TCE, and
1,1,1-TCA (see Appendix B).

PLUME SOURCE AREAS

The hydrocarbon LNAPL was sampled to determine if solvents had partitioned into the LNAPL
in sufficient concentrations. No CVOCs were detected in the samples therefore it is unlikely the
LNAPL is the source of the aqueous phase CVOC plumes. Additional investigations evaluated
the potential presence of free-phase chlorinated solvents in the form of DNAPLs, which could
serve as an ongoing source of aqueous phase CVQOCs. No free-phase chlorinated solvents were
found. Based largely on the relatively high concentrations found and probability of historic
solvent use at AOI-38 (as a degreaser in heavy equipment repair), it is concluded that chlorinated
solvent DNAPL could be present at the site, although no chlorinated solvent DNAPL has been
observed in the targeted investigations described above. If DNAPL is present at the site, it is
likely present in small pockets that would defy practical discovery and delineation efforts.

The configuration of the north CVOC plume suggests a potential source of ongoing CVOC
loading. The major axis of this oval plume is roughly coincident with the industrial sewer line
that conveyed wastewater from the Roundhouse and Machine Shop to the Wastewater Treatment
Plant in AOI-34, suggesting the possible presence of CVOC-containing sludge in the line. The
main trunk line of the sewer is constructed of vitrified clay pipe (Appendix C). The materials of
construction, the sewer’s age (constructed in the 1960’s), and the open surface drains may result

in some potential for ongoing release of CVOCs from the sewer to the environment.

PLUME IMPACTS TO SURFACE WATER BODIES

Based on the available data, impacted groundwater from the south or north plumes does not
appear to be discharging to the Weber River. This finding is consistent with the understanding of
site groundwater described above, which indicates that Weber River is a losing stream in the
vicinity of the site. Additionally, if CVOCs did discharge to the river, they would be readily
attenuated through dilution, volatilization, and biodegradation.

The City of Ogden storm sewer line that crosses the site in an east-west direction and discharges
into the Weber River was sampled. Sampling of the storm sewer revealed low concentrations of
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vinyl chlonde that apparently is the result of impacted groundwater leaking into the sewer.
However, site data suggest a very low mass flux of CVOCs to the river, as CVOCs have not been
detected in Weber River surface water samples, including samples collected at the down-stream
end of the rail yard. The non-detection of CVOCs in the Weber River is due to attenuation
through dilution, volatilization, and biodegradation.

Northern Area

DNAPL

A DNAPL apparently associated with historic Pintsch Gas Facility production occurs over an
area of approximately 12.5 acres, extending northwest from the location of the former Pintsch
Gas facility (area of 33-MW2FP on Figure 1-5). The material was initially identified as a
DNAPL because it occurs beneath the local water table and pools or accumulates in depressions
on the clay surface. This has been verified through collection and analysis of the nonagueous
phase liquids. The DNAPL zone extends beneath an approximate 400-foot long stretch of the
Ogden River and into the southeast comer of the 21st Street Pond. (In general, the pre-21st Street
Pond borrow pit was excavated to the top of the Alpine Clay. DNAPL encountered in the pond

occurs immediately above the Alpine Clay.)

The lateral extent of residual phase DNAPL is shown in Figures 1-5 and 1-7. Residual DNAPL
occurrences generally show a reddish translucence and are highly aromatic. The residual DNAPL
appears to be the non-wetting fluid, based on the fact that it is easily washed from the rounded
gravels when submerged in water in the field. Where the DNAPL exists at sufficient saturations
to be potentially recoverable, the DNAPL is generally dark brown in color. However, under

current conditions, the potential for further lateral migration of the DNAPL appears to be limited.

The DNAPL extent was further evaluated in September 2003, with the completion of 34
additional borings. The details of this additional DNAPL delineation are summarized in
Appendix D. In summary, four depressions described below were identified on the Alpine clay
surface which could contain pools of potentially recoverable DNAPL. None of these pools have

direct connections to the 21* Street Pond.
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1. The area represented by well 33-MWI1FP is the largest defined depression. Over 1,400
gallons of DNAPL were pumped from this location during the pilot DNAPL recovery test
(Forrester Group, 2003d). The 33-MW1FP well still contains 1.6 feet of DNAPL.

2. A smaller depression is in the vicinity of well 33-MW2FP. Four hundred gallons of DNAPL
were recovered from this location during the pilot DNAPL recovery test, and the DNAPL
remains depleted in this well. However, results of the September 2003 boring program
identified a depression 2.4 feet deeper that the 33-MW2FP location, located 75 feet north
west of 33-MW2FP.

3. A small depression is present at the northern end of the DNAPL zone, represented by well
33-MWJ4FP and boring 33-B113. This area has limited potential for recovery as well 33-
MWA4FEP does not have a measurable accumulation of DNAPL.

4. The smallest depression is located just east of the 21* Street Pond and is represented by 33-
MWS5FP. Less than one foot of DNAPL is present in the well.

Results of physical parameters analyses of the DNAPL are summarized below:
+ Interfacial Tension: 34.00 to 39.75 dynes/cm
e Specific Gravity: 1.0043 to 1.0474 g/ml
e Kinematic Viscosity: 16.97 to 19.61 ¢St

Chemical composition of the DNAPL was determined from analysis of gravel samples with high
levels of DNAPL contamination. Various PAHs were detected in the DNAPL., VOCs detected in
the samples are limited to benzene, toluene, ethylbenzene, and xylene (“BTEX™) and styrene.
PCBs were not detected in the DNAPL. |

The analytical data for the contaminated soil samples were compared to the site-specific
screening level values (SLVs) established for human-health risk assessment. Based on this
comparison, arsenic and the following PAHs exceeded the SLVs in at least one of the samples:
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrenc. Total petroleum hydrocarbons were also
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detected above the SLVs; however, VOCs including the detected BTEX compound
concentrations were all below the SLVs. Based on this comparison, the primary COCs are PAHs.

A sample of the NAPL-impacted soil was also analyzed using a modified 8015 Simulated
Distillation analysis. Based on the analysis, it was concluded that the DNAPL is not a creosote or
refined petroleumn product. Instead, it is most likely a residue from a pyrogenic source, similar to

a manufactured gas operation.

21°T POND SEDIMENT AND SURFACE WATER

The DNAPL zone extends into the southeastern corner of the 21* Stireet Pond. Sediments in the
southeast corner of the 21* Street Pond have been impacted with DNAPL since the pond was
constructed in 1973, The Utah DOT reportedly encountered DNAPL during excavation of

gravels from the southeast corner of the pond.

Sediment sampling has established that the DNAPL-impacted sediments are limited to an

approximate one~quarter acre area of the approximate 25-acre pond. Pond sediment and surface
water sampling results have shown that DNAPL constituents are present at low levels in

sediments in the areas of the pond outside the relatively small zone of DNAPL-impacted
sediments.

In response to the presence of DNAPL-impacted sediments in the pond, EPA collected fish
samples from the Pond for chemical analyses to determine if fish were being impacted. PAHs
(the predominant class of constituents in the DNAPL) generally were not detected in any of the
fish samples. This finding is consistent with the technical literature on the subject, which
indicates that PAHs are rapidly eliminated from fish and do not generally pose a threat to fishery

ISS0urces.

OGDEN RIVER

The stretch of Ogden River from upstream of the mainline trestle to downstream of the 21st Street
Pond outlet was thoroughly examined. No evidence of migration of DNAPL into the river (for

example, oily river sediments containing PAHs) was observed. A variety of PAHs were detected

in Ogden River sediments, the most common ones being fluoranthene and pyrene. These PAHs
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were found at similar frequencies and concentrations in all stretches of the Ogden River,
regardless of whether the samples were upstream, overlying, or downstream of the projected
DNAPL zone. This indicates that these PAHs may result from a number of different sources. For
example, PAHs are a common constituent in urban-area runoff. It is possible that the DNAPL
zone could be the source of PAHs detected in the Ogden River sediments, but no mechanism of

DNAPL release to the River has been established through the investigations performed to date.

GROUNDWATER

With the westward groundwater flow direction in the area, the DNAPL zone has the potential to
impact groundwater. As a measure of the worst-case level of dissolved DNAPL-related
constituents in the groundwater, four samples of groundwater were collected from four wells
located in an area of potentially recoverable DNAPL. Benzene, ethylbenzene, and PAHs were
the predominant constituents detected in the groundwater samples above site groundwater
screening levels. In general, benzene is the constituent that exceeded its screening level most
frequently and with the greatest degree. The extent of benzene groundwater impacts appears to
be limited to within a few hundred feet outside the DNAPL zone.

Contaminant Fate and Transport

Rail Yard

The best insight that can be drawn regarding the potential future extent of the LNAPL and CVOC
plumes is from their current extent. Data derived from plume extent, the presence of degradation
products, and groundwater geochemistry combine to produce a compelling case that intrinsic

bioremediation is a significant factor in agueous phase CVOC transport.

Monitoring data indicate both the north and south LNAPL pools may have reached their steady-
state extent. The LNAPL in the southern area, in particular, is thought to be predominantly
comprised of LNAPL that has reached a residual saturation (immobile as LNAPL). Given the
distance of the LNAPL zones to surface water bodies, LNAPL migration into the Weber River or
21* Street Pond is not considered likely.

Based on the groundwater sampling data, it appears that intrinsic bioremediation is occurring at a

rate sufficient to prevent significant expansion of the CVOC plumes. In fact, examination of
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“concentration versus time” data for key monitoring wells suggests that the south CVOC plume
may actually be shrinking, while the north plume appears to have reached a steady-state extent.
The results of continued monitoring of key wells (recommended from the RI Report) are

discussed in Appendix E.

NORTH PLUME

The vinyl chloride found in the north plume is likely the product of reductive dechlorination of
perchloroethylene (“PCE"), tﬁchldroethylcnc (“TCE”), and 1,1,1-trichloroethane {*1,1,1-TCA”}
(see Appendix B). The effect of adsorption on retarding vinyl chloride transport is very low
because vinyl chloride does not strongly adsorb to organic material, and therefore vinyl chloride
migrates at essentially the same rate as the groundwater seepage velocity (calculated to be 5.7
ft/day). Based ¢n the rate of groundwater transport and that any release of chiorinated solvents
likely occurred long ago, the plume should extend much further than it does if attenuation
(including biodegradation) is not occurring (see Part 1 of the RI Report for more details on plume

attenuation calculations (Forrester Group, 2003a)).

Geochemical sampling indicates that redox conditions in the north plume are at least sulfate-
reducing. The biodegradation of the diesel LNAPL is likely driving the redox levels to this range,
as LNAPL biodegradation would quickly consume dissolved oxygen and nitrates, convert ferrous
iron to ferric iron, and result in the sulfate-reducing conditions required to dechlorinate vinyl
chloride and its parent compounds. The protocol specified in the Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998) was
used to evaluate the probability of biodegradation of chlorinated solvents in the northern CVOC
plume. Based on data from the northern vinyl chloride plume, the protocol indicated “adequate
evidence” for anaerobic biodegradation of chlorinated organics is occurring. A range of first-
order vinyl chloride decay rates and half-lives was calculated based on a one-dimensional model,
and the most reasonably expected range of derived vinyl chloride half-lives was 12-62 days. The
most significant aspect of the tmodeling was that over the wide range of conditions tested, vinyl
chloride removal was required to explain the observed plume configuration. Additional sampling
performed for the Feasibility Study detected methane, ethene, and ethane; this indicates that vinyl

chloride is being reduced to ethene and that there is strong evidence for reductive dechlorination.
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The natural attenuation modeling analysis provided in Appendix B provides a more detailed
evaluation supporting this conclusion.

As stated previously, the north plume appears to be at a steady-state extent. However, should the
plume expand further 1o the north, it would discharge into the 21* Street Pond, which serves as a
groundwater sink along its southern edge. Thus, impacts to down-gradient off-site locations
where the alluvial groundwater could potentially be used as a source of water supply do not
appear plausible. If the plume did enter either the 21* Street Pond or the Weber River, dilution
would considerably reduce the vinyl chloride concentration. Also, vinyl chloride would quickly
bioattenuate because both receptors are aerobic bodies of water and vinyl chloride is very
amenable to aerobic biodegradation. Furthermore, vinyl chloride is a volatile chemical that
would escape from surface water to the atmosphere where it could be rapidly destroyed by photo-
oxidation. Therefore it is quite probable that these attenuation mechanisms would prevent vinyl
chloride from exceeding surface water bench mark concentrations. The alternate concentration
limits (“ACLs”) analysis provided in Appendix F provides a more detailed evaluation supporting

this conclusion.

SOUTH PLUME

The south vinyl chloride plume is most likely the result of attenuation processes that have

reductively dechlorinated TCE and its daughter products. Like the north plume, the extent of the
south plume would be much further downgradient if the plume was not being attenuated. Diesel

LNAPL over the south plume is likely driving the redox condition to sulfate-reducing or
methanogenic conditions, which are required for reductive dechlorination of TCE to vinyl

chloride,

Site data indicate that the south plume is not expanding; in fact, examination of “concentration
versus time” data for key monitoring wells suggests that the south CVQOC plume may actually be
shrinking, This suggests that the original release of TCE to the environment occurred long
enough ago that very little is left, as indicated by limited detections of TCE in one upgradient
well (“21-MW2”). To confirm that additional potential source areas did not exist upgradient
(south) of this well, an additional Geoprobe groundwater sampling investigation was performed

upgradient of 21-MW?2 as part of the Feasibility Study. No potential source areas were found.
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The natural attenuation analysis provided in Appendix E and the RI Report provides a more
detailed evaluation supporting this conclusion,

The Weber River is the primary surface water body in the area near the south plume. Several
monitoring wells between the downgradient extend of the plume and water samples taken from
the Weber River have not detected vinyl chloride. Additionally, the direction of groundwater
flow in this area is toward the north/northwest, and is not immediately toward the Weber River.
Therefore, the south plume appears to be contained to the rail yard and does not appear to be
impacting the Weber River.

Northern Area

Depending on the specific constituent of the hydrocarbon DNAPL, important fate processes for
these constituents in surface water include photolysis, aerobic biodegradation, volatilization, and
bicaccumulation.  Volatilization will be an important fate process for the monoaromatic
constituents of the DNAPL. Aerobic biodegradation and photolysis can be important fate
processes for aqueous phase PAHs. In surface waters, higher-ringed PAHs will accumulate in
sediments. PAHs do not tend to accumulate in fish tissues, and are not generally a threat to

fishery’ resources.

PAHs are the primary class of constituents of concern in the Northem Area hydrocarbon DNAPL.
The solubility of individual PAHs generally decreases with increasing number of rings and
molecular weight. Water in equilibrium with materials similar to the DNAPL present at the
Ogden rail yard site generally does not contain higher-ringed PAHs in the aqueous phase. PAHs
that will partition into groundwater at the highest concentrations are alse those PAHs that are
most readily biodegradable. While the lower-ringed PAHs biodegrade under both aerobic and
anaerobic conditions, the higher-ringed PAHs are generally biodegraded only under aerobic

conditions.

DNAPL

A portion of the DNAPL at select locations is potentially mobile, and there exists an assaciated
potential for future DNAPL migration. Given the decades that the DNAPL has existed, it is

reasonable to assume that it has achieved at least a pseudo steady-state extenl. However, a
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common characteristic of “steady-state” DNAPL plumes is that they tend to exist at a state of
incipient motion, in which physical or hydraulic disturbances could cause the DNAPL to seek a
new equilibrium that could result in further spread or retreat of the DNAPL.

All available data indicates that the low petmeability Alpine Formation is an effective barrier to
further vertical (downward) DNAPL migration. If DNAPL was to migrate, it would travel
laterally, as discussed below. Although based on the site déta, it is believed that the remaining
accumulations of potentially mobile DNAPL are confined to ‘“‘structural” depressions in the
surface of the Alpine clay.

The excavation of the 21 Street Pond in 1973 probably caused redistribution and lateral spread
of the DNAPL zone that existed up to that time. Despite the long period that has passed since this
event (approximately 30 years), the DNAPL extent within the excavation (21 Street Pond) is
limited to a distance of approximately 100 feet from the edge of the excavation. This suggests the
DNAPL zone poses limited potential for future lateral migration in the 21" Street Pond, in the
absence of further disturbances (Appendix D).

GROUNDWATER

With the westward groundwater flow direction in the area, the DNAPL zone has the potential to

impact groundwater. DNAPL constituents that were detected in groundwater are believed to be
localized to groundwater above the DNAPL (Figure 1-7). As long as the DNAPL is in contact

with groundwater, there will be some ongoing loading of DNAPL constituents to the groundwater
as a result of DNAPL /water partitioning. The groundwater flowpath is toward the 21st Street
Pond (Figure 1-5).

Upon discharge of this impacted groundwater to the 21st Street Pond, a variety of attenuation
mechanisms act to reduce the concentrations of the agqueous phase DNAPL constituents. These
attenuation mechanisms include dilution, volatilization, photolysis, and biodegradation. For the
PAHSs that are the primary constituents of concern in the DNAPL, photolysis and aerobic
biodegradation are important fate processes. Based on estimated concentrations of aquecus phase
PAHs discharged into the 21st Street Pond and their predicted attenuation rates, it is very unlikely ‘
that groundwater discharge from the DNAPL zone is sufficient to result in detectable
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1.2.5

1.2.5.1

concentrations of PAHs in the bulk of the 21st Street Pond surface water. The ACL analysis

provided in Appendix F provides a more detailed evaluation supporting this conclusion.

POND SEDIMENTS AND SURFACE WATER

While there are a variety of mechanisms by which constituent loading to the 21st Street Pond is
occurring or could potentially occur, with respect to PAHs, the most significant factor is the
historic seepage of DNAPL into the southeast corner of the pond. PAHs have been detected in
21st Street Pond surface water samples collected immediately above the DNAPL-impacted
sediments in the southeastern comer of the pond. However, no PAHs have been detected in the

other 21st Street Pond surface water samples.

There is no evidence that the DNAPL pool, either directly or indirecily through discharge via the
21st Street Pond, has impacted Ogden River sediment or water quality. No DNAPL constituents
of concern have been detected in Ogden River surface water samples. Fluoranthene and pyrene
have been detected in Ogden River sediments at similar frequencies and concentrations both

upstream and downstream of the DNAPL pool. PAHs are commeon constituents of urban runoff.

Baseline Risk Assessment

Baseline Human Health and Ecological Risk Assessments were completed by EPA in January
2003. Both risk assessments addressed risks from contaminants in sediments, surface water,
soils, groundwater, and soil gas present on the rail yard site and nearby swrounding areas. For
many media, the risk assessments concluded that exposure is not likely to be of health concern,
with the exception of exposure to groundwater as discussed below in section 1.2.5.1.
Additionally, the risk estimates derived in the risk assessments more likely to overestimate than
underestimate risk. Herein, the discussion of risk is limited to impacted media that are believed

to possibly pose an elevated risk.

Baseline Human Health Risk Assessment

RISK ESTIMATES FOR ON-YARD WORKERS

For s0il, the Baseline Human Health Risk Assessment concluded that non-cancer risk is generally

not elevated above acceptable levels (HI=1), with the exception of AOI-21, where the risk level is
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slightly higher (HI=2). The non-cancer risk at this location is mainly due to the ingestion of
arsenic in surface soil. Cancer risk from soil was mainly within or below EPA’s risk range,
except for RME workers at AOI-21 and AOI-27. At AQI-27, cancer risk may reach a level of 2 in
10,000, mainly due to arsenic. At AOI-27, cancer risk may reach 7 in 10,000, mainly due to
PAHs (especially benzo(a)pyrene).

The Baseline Human Health Risk Assessment concluded that groun&water beneath several areas
of the site would pose a substantial risk to workers from direct ingestion and inhalation of VOCs
if it were ever used for drinking or other indoor purposes. Non-cancer ingestion-risk drivers
varied, with most risk coming from vinyl chloride, arsenic, antimony, naphthalene, benzene,
trichlorocthylene, or acetone. Non-cancer inhalation-risk was due mainly to naphthalene and 1,2-
dichloroethlene. For both ingestion and inhalation, the excess cancer risk was due primarily to

vinyl chloride.

RISK ESTIMATES FOR OFF-YARD RESIDENTS

The Baseline Human Health Risk Assessment concluded that if on-site groundwater were to
migrate to off-site locations and be used for drinking, risks to residents would be unacceptable in
many cases, with risks even higher than to on-yard workers. This is because water ingestion rates

and time spent inside are both higher for residents than workers.

Risk from soil gas intrusion was not evalnated quantitatively in the Baseline Human Health Risk
Assessment. Based on the finding that risks to on-yard workers from soil gas intrusion into
current or future on-yard buildings are within or below EPA's risk range, it is considered likely
that risks from soil gas intrusion at off-site locations are also low. Further studies were conducted
to more fully assess this potential off-site exposure pathway, and these results are provided in the
Vapor Phase Investigation Report (FG, 2003b). Based on the Vapor Phase Investigation, it has
been concluded that this pathway does not pose risks above acceptable levels.

RISK ESTIMATES FOR OFF-YARD RECREATIONAL VISITORS

The results of the Baseline Human Health Risk Assessment suggest that ingestion of fish caught
within the 21st Street Pond might be of potential health concern to fishermen because of non-
cancer risks from PCBs. Cancer risks are within or below EPA’s acceptable risk range. Based on
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1.2.5.2

the investigations conducted to date, there ts no evidence indicating the UPRR rail yard is the
source of the PCBs.

Risks from non-PCBs in fish from the 21st Street Pond do not exceed EPA's risk range for cancer

or non-cancer effects.

Baseline Ecological Risk Assessment
RISKS TO AQUATIC RECEPTORS

The Baseline Ecological Risk Assessment concluded that the weight of evidence combined across
all observations indicates that risks to aquatic receptors from site-related chemicals are not of

concern, except possibly for risks to benthic organisms from xylenes, PCBs, and PAHs in the east
end of the 21st Street Pond and PCBs in the Qgden River upstream of the 21st Street Pond outfall

to Wall Avenue. Based on the investigations conducted fo date, there is no evidence indicating
the UPRR rail yard is the source of the PCBs in either the Ogden River or the 21st Street Pond.

RISKS TO WILDLIFE RECEPTORS

- No significant risk attributable to UPRR operations to wildlife receptors was present. Risks to

semi-aquatic wildlife receptors (kingfisher, mallard, mink) may be significant for individuals that
ingest PCBs in aquatic prey from the 21* Street Pond and/or from the Ogden River near the pond.
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2.1

211

IDENTIFICATION AND SCREENING OF TECHNOLOGIES

Identification and screening of technologies is the link between the remedial investigation and
development of remedial action altematives to address specific operable units at the site
(Northern Area and Ogden Rail Yard Groundwater) as a whole. This link is accomplished by
first developing remedial action objectives and then by identifying and screening specific
remedial action technologies that may be used to meet these objectives for specific chemicals of

concern and media.

REMEDIAL ACTION OBJECTIVES

This section presents Remedial Action Objectives (“RAOs™) for the Ogden Rail Yard Site as
required by Section VIII, Paragraph 37 ¢ (1) of the administrative order and as approved by EPA
on May 16, 2003. RAO:s are presented for the two Operable Units (“OUs™) that are addressed in
the Feasibility Study.

Northern Area
RAOQs for the Northem Area QU (“OU-017) are as follows:

1. Protect human and ecological receptors from exposure to DNAPL contaminated sediments at
the 21" Street Pond.

2. Prevent unacceptable exposure risk to current and future human populations presented by

direct contact, inhalation, or ingestion of contaminated groundwater.

3. Prevent potential future groundwater plume migration as necessary to protect current
beneficial uses and potential beneficial uses of groundwater in the vicinity of the site, and to

be protective of surface waters and their designated uses,
4. Restore the groundwater to beneficial uses (as technically practicable).

5. Treat, contain, or remove DNAPL to prevent or minimnize further spread of the DNAPL.
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2.1.2 Rail Yard Groundwater

RAOs for the Rail Yard Groundwater QU (*OQU-04") are as follows:

1. Prevent unacceptable exposure risk to current and future human populations presented by

direct contact, inhalation, or ingestion of contarninated groundwater.

2. Prevent potential future groundwater plume migration as necessary to protect current
beneficial uses and potential beneficial uses of groundwater in the vicinity of the site, and to

be protective of surface waters and their designated uses,
3. Restore the groundwater to beneficial uses (as technically practicable).

4. Treat, contain, or remove sources of ongoing contaminant loading to the groundwater

plumes.’

2.2 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

An initial selection of technologies which appear to be the most likely candidates for
implementation at the Ogden Rail yard site was completed (Appendix A). Based on this imitial
screening and the RAQs discussed above, the list of remedial altemmatives that would undergo
detailed evaluation was developed in a series of work sessions and discussions among UPRR,
EPA, and the Utah DEQ.

! The specific *hot spots” that will be addressed in the FS pursuant to this RAO are: 1) the former industrial wastewater sewer line
i {and underlying soils) overlying the Northern Plume and other potential sources, and 2} the zones of highest VOC concentralions
in both the Norther Plume and Southemn Plume.
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3 DEVELOPMENT OF ALTERNATIVES - NORTHERN AREA OPERABLE
UNIT

Remedial Action alternatives to be evaluated for the Northern Area OU (“OU-01") are as follows:
1. No Further Action.

2. Interim actions implemented to date with Monitored Natural Attenuation and institutional
controls. Actions implemented to date include the fence around the DNAPL-impacted
sediments, pond water level management, and limited DNAPL recovery. Additional
groundwater sampling would be conducted to monitor DNAPL-related contaminant levels in

groundwater.,

3. Pond sediment containment remedy with DNAPL recovery and institutional controls.
Screening and refinement of the pond sediment remedies previously presented in the Focused
Feasibility Study was performed to identify the preferred remedy for the DNAPL-impacted
sediments in the 21% Street Pond.? A DNAPL recovery alternative based on the results of the
DNAPL recovery pilot test and the additional DNAPL zone characterization work was
developed. This alternative focuses on application of the dual phase recovery method (the
technology successfully used in the pilot test) in stratigraphic lows where continuous phase
DNAPL exists in the greatest quantities. Additional groundwater sampling will be conducted

to monitor DNAPL-related contaminant levels in groundwater.

4. Pond sediment excavation remedy with intensive DNAPL zone treatment and institutional
controls. This alternative incorporates a more intensive DNAPL zone treatment approach
that maximizes reduction of contaminant mobility, volume, and toxicity with the goal of full
restoration of beneficial use, The specific treatment approach that was incorporated into the

alternative is dynamic underground stripping (a steam technology).

2 Focused Feasibility Study for Interim Remedial Action, Ogden Rail Yard, 21" Street Pond, Qgden, Utah (DRAFT), September 21,
2001, The Forrester Group, Chesterfield, MO. This document was submitted to the regulalory agencies for information purposes
only. This document has nol been reviewed or approved by the regulatory agencies.

3-1



OGDEN FEASIBILITY STUDY - Final
Union Pacific Railroad
CERCLA-8-99-12

September 27, 2004

5. Pond sediment excavation remedy with DNAPL recovery and institutional controls. This
alternative incorporates removal of the impacted sediments from the 21* Street Pond as

described in Alternative 4, and the DNAPL recovery described in Alternative 3.

3.1 ALTERNATIVE 1 - NO FURTHER ACTION

This alternative serves as the baseline for comparison of other alternatives. With this alternative,

no monitoring, control, or treatment of impacted media is performed.

3.2 ALTERNATIVE 2 — INTERIM ACTIONS IMPLEMENTED TO DATE WiTH MONITORING

This alternative focuses on the benefits of the interim actions implemented to date combined with

continued monitoring to demonstrate whether future conditions can achieve the remedial action
objectives.

3.2.1 Concept

This alternative includes two components:;

+ Interim actions implemented to date. These include the fence around the DNAPL-

impacted sediments, pond water level management, and limited DNAPL recovery.

¢ Groundwater monitoring. Additional sampling would be conducted to monitor DNAPL-
related contaminant levels in groundwater. Data would be used to determine shifts in the
groundwater plume and/or DNAPL zone. The results of the monitoring work would be

used to confirm that the risk of exposure is acceptable.

3.22 Conceptual Design

3.2.2.1 Interim actions implemented to date

This part of this design includes maintenance of the following interim actions.

+ Maintaining the chain link fence that completely encircles the DNAPL-impacted pond

bottom materials and the bank on the SE comer of the pond, to prevent both human and
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3.2.2.2

larger mammalian ecological receptors (for example, beaver) from contacting the
DNAPL-impacted pond bottom materials.

¢ Maintaining the fish guard at the pond inlet to prevent fish from entering the pond from
the Ogden River,

¢ Maintaining the elevated pond water levels to minimize nesting areas, and reduce the
potential for direct exposure of birds to DNAPL-impacted pond bottom materials by
increasing the distance between the water surface and pond bottom sediments.

Duning the DNAPL recovery pilot test, over 1,850 gallons of DNAPL were recovered. The
recovered DNAPL was sent to a permitted oil recycling facility. The recovery of this DNAPL
has reduced the amount of continnous phase DNAPL.

Groundwater monitoring

Future groundwater monitoring would be used to evaluate the extent of dissolved phase
contaminates in groundwater and extent of DNAPL. At equilibrium, DNAPL zones reach some
steady-state extent at which DNAPL migration stops unless hydraulically perturbed. Based on
several years of groundwater and DNAPL monitoring, as well as calculations, the DNAPL zone
has reached its steady state extent and future migration is not anticipated under current conditions

(Forrester Group, 2003a, Part 2 Appendix K). Monitoring data also indicate that the extent of
dissolved contaminants in groundwater is limited to within a few hundred feet of the edge of the

DNAPL zone. These data would be used to confirm that interim actions implemented to date are
sufficient to preclude human exposure to the DNAPL, DNAPL impacted pond sediments, and
DNAPL-impacted groundwater.

The Northern Area groundwater monitoring network includes 16 monitoring wells located either
in the down gradient portion of the DNAPL zone or just beyond it. The aerial distribution of
these wells to the DNAPL zone is shown in Figure 3-1. Groundwater monitoring would take
place on a semi-annval basis (in May and August/September). Groundwater and DNAPL
gauging would be used to estimate groundwater flow direction and to determine whether DNAPL
thicknesses are significantly changing over time. Groundwater samples would be analyzed for
the chemicals that compose the DNAPL, VOCs (benzene and ethylbenzene) and SVOCs (PAHs).
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(A list of wells and analytical methods is provided in Table 3-1). Data would be analyzed both
spatially and over time (that is, concentration vs. time and concentration versus distance) to

determine what trends (if any) are apparent.

3.2.3 Cost Estimate

Because the interim actions have already been implemented, the main costs associated with this
alternative are costs associated with monitoring and reporting. The estimated cost (present value)

of these activities, for a period of 30 years is $500,000.

3.3 ALTERNATIVE 3 — POND SEDIMENT REMEDY WITH DNAPL RECOVERY AND INSTITUTIONAL
CONTROLS

This alternative employs active future remedial actions to contain and recover DNAPL.
Remedial actions focus on minimizing the potential for exposure fo or migration of DNAPL
within the 21* Street Pond and recovery of continuous phase DNAPL to the extent practical, .

using an innovative DNAPL recovery system,

3.3.1  Concept

3.3.1.1 Pond Sediment Remedy

Alternative 3 addresses the risk posed by the DNAPL-impacted pond bottom materials by
containing and capping the DNAPL-impacted pond bottom materials in place. Major

components of this alternative are briefly described as follows:

¢ A cofferdam will be constructed to segregate the DNAPL-impacted comer of the pond

from the remainder of the pond.
s The DNAPL-impacted comer of the pond will be backfilled and capped.

¢ A series of monitoring wells will be instailed in the identified flow path of the DNAPL
plume extending into the pond (Figure 3-2), to monitor for future migration of DNAPL.

In the event that DNAPL becomes detected, these wells will serve as recovery wells.
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Alternatives 3, 4, and 5 employ a barrier system to preserve existing groundwater flow paths to
the extent practical and thus minimize hydraulic perturbations of the DNAPL zone east
(upgradient) of the pond. These alternatives allow the discharge of the groundwater from the

DNAPL zone into the pond to continue.

The pond sediment remedy for Alternative 3 is illustrated in Figures 3-2 and 3-3. Each major
component of Alternative 3 is described in more detail in the following text. The construction

time needed to implement the pond sediment remedy portion of Alternative 3 is estimated to be
16 weeks.

DNAPL Recovery

Based on the results of the RI and FS investigations, the DNAPL zone has been well defined
within the area of AQOI-33. Initial DNAPL zone delineation was completed through field
observation and analysis of core retrieved from borings and monitoring well installations. In
September, 2003, 34 additional borings were completed within the DNAPL zone to refine the
estimate of zones where recoverable DNAPL occurs. (Recoverabie DNAPL is defined as DNAPL
that occurs as a continuous phase that can readily flow to a well or drain). The results of the
boring completions, observations of DNAPL-saturated core, and results of the pilot DNAPL
recovery testing show that there are two identified depressions on the top of the Alpine clay

surface that have accumulations of potentially recoverable DNAPL (Figure 3-4), and two
depressions that may contain potentially recoverable DNAPL accumulations. In the remaining
areas of the DNAPL zone, the configuration of the clay surface gently slopes toward the North-
Northwest. DNAPL in these arcas occurs as discontinucus blobs and ganglia (residual saturation

that will not flow freely to wells or drains).

Additional recovery of DNAPL from each of two identified pools tocated around 33-MW1FP and
east of 33-MWSFP (Figure 3-5) will be accomplished through application of the pumping
recovery mechanism proven during the 2002 pilot DNAPL recovery project (Forrester Group,
2003d). This recovery system involves recovery of both groundwater and DNAPL through two
separate pump strings in a recovery well. The pumped water is treated with granular activated
carbon (“GAC”) and injected into the formation at a point upgradient of the recovery well.

Injection of the recovered groundwater enables a higher pumping rate of groundwater, which in
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turn accentuates groundwater flow to the recovery wells and also enhances DNAPL migration to
the well.

The pool in the vicinity of 33-MWIFP is about 150 feet in diameter. Wells completed in the
center of this pool have about 1.6 feet of measurable DNAPL (1,450 gallons of DNAPL were
previously recovered from this area in the Pilot recovery test). The recovery system will resume
operation in this area to extract the remaining recoverable DNAPL. A decline curve analysis will
be used to resolve the practical endpoint of DNAPL recovery (Sale, 2001). An additional
recovery well may be installed in the eastern portion of the depression if necessary.

- '_I'he pool in the wicinity of 33-MWSFP is limited to about 50 feet in diameter. Measurable
DNAPL in well 33-MWSFP is less than one foot. Based on the size of this pool as currently
defined, the amnount of recoverable DNAPL is probably limited.

Two additional depressions that may contain accumulations of potentially recoverable DNAPL
are represented by the areas near 33-MW2FP and 33-MWA4FP. At the 33-MW2FP location, over

400 gallons of DNAPL were recovered during the pilot test, and wells in this area still remain
depleted. However, a deeper depression was identified just to the northwest of this well by
boring 33-B91. An additional well will be completed in this depression, estimated to be 60 feet
in diameter. The second depression that may contain potentially recoverable DNAPL is in the
vicinity of 33-MWJFP, about 70 feet in diameter. A recently completed boring east of 33-
MWA4FP shows about 1.5 feet of DNAPL saturated gravels, although the 33-MW4FP well in the
west edge of this same depression does not contain measurable DNAPL. An additional well will
be completed between 33-MWA4FP and boring 33-B113. 1If jusiified by significant accumulation
of measurable DNAPL, then recovery will be attempted.’

Starting with 33-MW1FP, the recovery system will be moved and operated in each area until the
DNAPL is depleted to the extent practicable as indicated by a decline curve analysis (Sale, 2001).
UPRR anticipates that the recovered DNAPL will be processed at a permitted oil recycling
facility as it was during the pilot test. Post-recovery monitoring will be conducted in the areas to

monitor the effectiveness of the recovery and to check for additional DNAPL accumulation.

* The relationship between DNAPL in a well and DNAPL in a formation is complex. As such, DNAPL in a well will nol always
correlate to recoverable DNAPL in the formation,

3-6



OGDEN FEASIBILITY STUDY - Final
Union Pacific Railroad
CERCLA-8.99-12

September 27, 2004

3.3.1.3

Periodic monitoring since the end of the pilot test shows that measurable DNAPL has not
returned to the 33-MW2FP area wells.

The amount of potentially mobile DNAPL remaining is estimated to be between 1,860 and
35,300 gallons. This estimate is based on the amount of DNAPL recovered from the pilot testing
(1,860 gallons), as representing 50% to 5% of the recoverable DNAPL at the site.

Institutional Controls

Institutional controls include access restrictions and monitoring to prevent human exposure to
contaminate media. The mechanism of the institutional controls could include deed notices, deed
restrictions, and/or restrictive covenants. A new section of the Utah Environmental Quality Code
(Environmental Institutional Control Act Utah Code Sections 19-10-101) signed into laws in
2003, provides a mechanism to make and impose institutional controls upon subject properties

Further examples of these institutional controls are provided in Appendix G.

The Northern Area groundwater monitoring network includes 16 monitoring wells located either
in the DNAPL zone or just beyond it. The aerial distribution of these wells to the DNAPL zone is
shown in Figure 3-1. Groundwater monitoring would take place on a semi-annual basis (in May
and August/September). Groundwater and DNAPL gauging would be used to estimate
groundwater flow direction to determine whether DNAPL thicknesses are significantly changing
over time. Groundwater samples would be analyzed for the chemicals that compose the DNAPL,
VOCs (benzene and ethylbenzene) and SVOCs (PAHSs). (A list of wells and analytical methods is
provided in Table 3-1). Data would be analyzed both spatially and over time (that is,
concentration vs. time and concentration versus distance) to determine what trends (if any) are
apparent. Groundwater restoration will be achieved when site groundwater concentrations are

below MCLs for four consecutive monitoring events.
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3.3.2

3.3.21

Conceptual Design
Pond Sediment Remedy

COFFERDAM

Details of the permanent cofferdam are shown in Figures 3-2 and 3-3. The cofferdam will be
constructed with its interior toe approximately aligned at the western edge of the area of
potentially impacted pond bottom material, minimizing the area of the pond that will be
backfilled.

Excavation of a key trench through the approximately 2 foot thick sediment and gravel layers is
needed to tie the cofferdam into the Alpine Formation. The trench will be excavated in the wet
with a backhoe, and the excavated material will be relocated east of the cofferdam. Fill material
for the cofferdam will be dumped and spread with a bulldozer. The backfill will be advanced
across the pond by dumping it underwater until the fill surface is exposed above the water
surface,

The fill material used to construct the cofferdam will be a well-graded, silty or clayey sand with
some gravel-sized material. This will provide a fill material that will have a low potential for
leaving large voids in the fill (especially in the underwater portion where little compaction effort
can be applied), while providing low permeability to water and high resistance to entry by
DNAPL. This material will be supplemented by an impermeable liner which will be supported
by the cofferdam (Figure 3-3). The combination of the liner, horizontal drain, and DNAPL
collection sump on the interior of the dam will provide for DNAPL capture and recovery if
needed. As shown in Figure 3-3, the maximum fill depth of the cofferdam (at elevation 4,267.0-
feet amsl) is expected to be about 5 feet. The depth of water from the pond water surface to the

top of the existing gravel layer in the pond bottom is approximately 2.2 feet along the centerline
of the cofferdam.

The cofferdam imported fill material will be put in place by dumping and spreading with a bull
dozer. As necessary, fill material will be deposited under water until the fill material height is at
elevation 4,267.0 feet amsl. The central portion of the fill will be compacted from the surface by
truck and backhoe traffic. The outer portions of the fill cannot be compacted, but the fill will

have sufficient strength to minimize lateral movement from the point of deposition.
3-8




OGDEN FEASIBILITY STUDY - Final
Union Pacific Railroad
CERCLA-8-99-12

September 27, 2004

An additional 1 to 1.5 feet of temporary fill material may be placed as needed over the layer of
gravel backfill to provide freeboard for the cofferdam during the pond backfill operations. The
depth of required freeboard will be approximately 1.5 feet above the water level in the main body
of the pond. Any temporary fill material will be removed before the final construction of the
cofferdam section is completed, as shown in Figure 3-3, Additional cobbles, graded gravel, and
soil fill will be placed over the cofferdam when the final grades are placed during the backfilling
of the pond and the dam is incorporated into the backfill area (Figure 3-3). Any fish remaining
cast of the cofferdam can be relocated to the westemn portion of the pond using shocking and

netting or other techniques.

During the entire period of cofferdam construction and fish relocation, a temporary floating oil
control boom will be installed in the pond immediately west of the cofferdam. The temporary oil
boom will control the migration of sheens or floating cils beyond the work area, should any be

encountered during the construction of the cofferdam.

INSTALL DNAPL DRAIN AND SUMP UPGRADIENT OF THE COFFER DAM

DNAPL drain lines and a sump will be constructed on the upgradient side of the cofferdam, as
shown on Figures 3-2 and 3-3. The primary objectives of the DNAPL drain lines and sump is to
ensure that DNAPL does not accumulate behind the barrier wall to any appreciable thickness

where it could potentially be carried over the cofferdam by groundwater flow. The invert of the
drain lines will be located essentially at the top of the Alpine formation and wil! be sloped to the

DNAPL recovery sump, which will be placed at the low point of the Alpine formation along the
wall. The drain lines on either side of the sump would convey DNAPL to the sump through
gravity flow,

POND BACKEFILL AND REVEGETATION

The entire area of the pond east of the cofferdam would be backfilled and vegetated to prevent
human, animal, bird, fish, etc. exposure to the underlying DNAPL as shown in Figure 3-3. The
backfill would be composed of the following five layers:
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1st layer: 1-foot layer of gravel (3/4-inch minus). This layer will act as a filter between
the cobble layer above and the existing finer sediments below and minimize the

penetration of the cobble layer into the sediment layer.

2nd layer: Hydrocarbon adsorption buffer zone (1 to 3 inches thick) consisting of highly
organic materials such as compost, sawdust, or other oil adsorbent material. This layer is
a contingency layer to filter oil sheens should such sheens be released from the

underlying DNAPL.-impacted zone.

3rd layer: Zone of cobbles (2 to 4 inch diameter) to an elevation 1 foot above the top of
the over_ﬂow weir. The cobble zone will ailow groundwater to pass through the back-
filled portion of the pond with minimal head loss. This layer will also provide a capillary
break to help prevent vertical migration of DNAPL and will discourage borrowing
animals from digging beneath the cobble layer.

4th layer: 1-foot layer of graded gravel above the zone of cobbles. This layer is size

graded to minimize the migration of the overlying soil fill into the cobble zone.

Sth layer: Fill area above the zone of cobbles. This layer would be a minimum of 2 feet
thick (as necessary to provide a 1-foot thickness of unsaturated zone above any mound of
groundwater) and would have a minimum of 6 inches of top soil to provide adequate soil
depth to support vegetation. The soil fill area will be graded to very gently slope toward
the west (0.2 percent) to provide surface drainage toward the pond and then vegetated.

During the backfilling of the pond with the first two layers (graded gravel and cobbles), it is

possible that oily sheens may be brought to the surface of the water in portion of the pond

contained within the cofferdam. To prevent the migration of the sheens to the main body of the

pond during the backfilling operations of layers 1 and 2, no water will be allowed to flow over the

cofferdam. The water level in the portion of the pond contained by the cofferdam and barrier

wall will be pumped down to elevation 4,266.2 feet amsl (0.8 feet below the top of the weir) or

lower if practical. During this period of the backfilling operations, minimizing the water

elevation would also aid in more accurate placement of the graded gravel and cobble layers. The

temporary oil booms or additional absorbent materials as required will be kept in place until

backfilling is complete and any sheens have been managed and removed from the pond.
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The thickness of the layers of the engineered containment system (vegetated fill, graded gravel
and cobbles), may be altered during the final design to provide flexibility in future land use.
Potential future uses for the capped area may include recreational park space, wetlands, or other
wildlife habitat. Any future land use must incorporate provisions to allow for long-term access to

the DNAPL monitoring sump for monitoring and potential DNAPL recovery (as required).

DEWATERING DURING CONSTRUCTION

An analysis was performed of; 1) dewatering rates and the volume of water generated during
dewatering operations, 2) pond hydraulic conditions during remedial construction, and 3) the
potential water treatment operations needed for remedial activities at the 21* Street Pond in
Ogden, UT. - )

The pond dewateﬁﬁg analysis used an equation for ﬁteady state flow to a pumping well in an
unconfined aquifer to estimate the flow rate of water that would be treated in order to maintain
pond water levels and to completely dewater it. Then, an estimate of the total volume of treated
water was generated using the calculated flow rates and estimates of the working time needed to

complete the remedial activities that require dewatering.

Remedial Alternatives 3, 4 and 5 are intended to address the DNAPL-impacted sediments and
gravels and prevent future DNAPL migration into the pond. The alternatives include barrier wall
designs (coffer dam or sheet pile wall). Installation of a barrier could result in changes in
groundwater flow direction and/or increases in hydraulic gradients, which in turn could result in
unwanted redistribution of the DNAPL that the barriers are intended to contain, The objective of
the modeling was to predict hydraulic impacts of barrier configurations, but not to optimize the
barrier configuration, which is a design objective.

Potentially, the least expensive way to treat water would be to acquire a temporary NPDES
permit (or equivalent) and discharge to the portion of the pond outside the cofferdam. A
preliminary design of a treatment process was further developed in support of estimating capital

and operating costs for this method of managing the water.
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HYDRAULICS, FLOW RATE AND TREATMENT VOLUME ESTIMATE DURING CONSTRUCTION

For Alternative 3, capping the sediments in place, dewatering would only occur to the extent

needed to construct the cap. Key assumptions regarding the flow rate estimates are:

¢ The water levels in the pond are controlled at the sluice gates to the Ogden River. The
lowest water level that can be achieved using only the sluice gates is 4266.5 feet amsl.
With either alternative, it is assumed that water levels would be lowered to this levei

before construction begins.

e For Altemative 3, it is assumed that dewatering would be performed to maintain a water

level of 4266.5 feet amsl inside the cofferdam.

e The cofferdam is assumed to prevent pond water from infiltrating back through the
cofferdam. Groundwater infiltration into the dewatered area is assumed to be limited to

the perimeter of the area that is pond bank.

Based on the dewatering calculations, a dewatering flow rate of 170 gpm would be need to be
maintain pond levels at 4266.5 feet amsl. For Alternative 3, dewatering would be needed until
the height of the cap is above 4266.5 feet and the cofferdam weir has been constructed such that
water can flow over it. The estimated construction time needed to build the cofferdam to the
4266.5 feet amsl is 15 calendar days. Assuming continuous dewatering over the 15 day period,

approximately 3 million gallons of water would require treatment.

POND HYDRAULICS AFTER CONSTRUCTION

The details of the hydraulic modeling using MODFLOW were presented in Appendix L of the
Remedial Investigation Report (Forrester, 2003a, Part 2} and Appendix C of the Focused
Feasibility Study for the 21" Street Pond (Forrester, 2001). Alternative 3 in the Focused FS
(Forrester Group, 2001 and in this document uses a barrier installed across the eastern end of the

Pond at a cofferdam.

Modeling results for the coffer dam barrier used for Alternative 3 indicate a potential for

marginally increased hydraulic gradients at the ends of the barrier, particularly around the
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southern end. However, these hydraulic conditions should not result in undesired DNAPL

migration, based on the foliowing considerations:
¢ The ends of the cofferdam barrier are outside the projected extend of the DNAPL zone.

¢ Hydraulic conditions in the area overlying the DNAPL zone should not cause DNAPL
migration toward the ends of the cofferdam barrier.

¢ DNAPL recovery operations, if needed, on the up-gradient side of the cofferdam barrier
will further mitigate the potential for DNAPL migration to and accumulation at the ends

of the barrier.

In summary, based on similar directions of flow and similar or lesser hydraulic gradients in the
area overlying the DNAPL zone, the location of the Alternative 3 barrier and the height of the
submerged weir will not effect adverse DNAPL migration.

TREATMENT PROCESSES

The objective of the treatment process would be to remove oil (DNAPL), sediments, and
dissolved phase to the extent needed to meet treatment standards. Regardless of whether

Alternative 3 or 5 is selected, the approach to treatment would be similar.

Based on the analysis of treatment rates, a 200 gpm operation would be capable of handling the

majority of treatment. If “dry” excavation was selected, then some equipment could be
duplicated for a short period to provide parallel treatment operations.

Given the short duration of treatment, it is important to keep treatment operations simple, yet
effective. Ideally, water treatment operations could be managed by one person or even on a part

time basis. Also, 24 hour treatment is needed to maintain dewatered conditions.
Conceptually, the key components of the treatment system are:

1. PUMP. A pump to push water from the area inside the coffer dam into the treatment area
and/or back into the pond. A key piece of maintaining cheap and effective treatment is
ensuring that the pump intake is maintained at the pond surface to help keep oil and
sediments and out of the treatment system. As an additional step, booms could be placed
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around the pump intake to prevent oil from being sucked into the pump. Addressing the
impacted sediments and dewatenng in separate areas of the pond could also help.

EQ TANK. The 20,000 gallon equalization tank would receive water from the pump.
The purpose of the EQ tank is to allow inspection of the water quality in the treatment
system. If the water is of sufficient quality, then water could be directly discharged into
the pond from the tank. If further treatment is needed, then water would be sent to a bag
filter and carbon system, as described below.

BAG FILTER. As needed, bag filters would be used to prevent sediments from fouling
the downstream carbon system. Also, if 0il droplets escaped the EQ tank, then they could
potentially be captured on the filter and/or filter cake. Two units placed in parallel would
provide backup capacity during filter change-out. Because the DNAPL is non-hazardous,
disposal of the bag filters as a hazardous waste is not anticipated to be an issue.

CARBON SYSTEM. Based on the quality of groundwater over the DNAPL and samples
collected from pond water, the primary dissolved phase COCs would be benzene and
PAHs. The purpose of the carbon system would be to remove these COCs to allowable
levels. Carbon vessels would be 1000-2000 Ib rented units. If oil can be effectively
prevented from reaching the carbon, one large vessel should be sufficient for the project
duration (this assumption should be verified with a carbon vendor).

3.3.2.2 Monitoring and DNAPL Recovery

Recoverable DNAPL that accumulates behind the cofferdam will be collected in the sump. The

sump will be monitored monthly to detect DNAPL, if any. Because DNAPL accumulation is not

expected, no active, permanent DNAPL recovery systems will be installed, but DNAPL may be

recovered using a vacuum truck or other recoverable DNAPL pumping system, as needed. If any

DNAPL is recovered, it would be processed at a permitted DNAPL recycling facility as it was

during the pilot study.

3.3.3 Cost Estimate

As shown in Appendix H, the total cost to implement this alternative is estimated to be
$1,607,000.
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3.4

3441

3.4.1.1

ALTERNATIVE 4 — POND SEDIMENT REMEDY WITH INTENSIVE DNAPL ZONE TREATMENT AND

INSTITUTIONAL CONTROL

The focus of this alternative is aggressive and intensive efforts to remove DNAPL from the 21
Street Pond and surrounding areas. The key active technologies that would be employed include
excavation and off-site disposal of pond sediments and impacted soil and dynamic underground

stripping of DNAPL from DNAPL impacted areas outside the pond.

Concept

Pond Sediment Remedy

Alternative 4 addresses the risk posed by DNAPL-impacted pond bottom materials in the 21"
Street Pond materials by removing them and disposing them in an off-site disposal facility.

Major components of this alternative are briefly described as foliows:

» A cofferdam will be installed to hydraulically isolate the DNAPL-impacted pond zone, to
enable water level control of this zone and subsequent wet excavation of DNAPL-

impacted pond bottom material.

s After the excavation zone has been isolated and water levels controlled, the impacted
pond bottom material will be removed and mixed with a stabilizing agent such as cement.

The stabilized material will then be transported to a disposal facility.

e The cofferdam will then be removed, and the area where excavation took place will be

restored to a physical condition similar to that al the site before construction began.

In Alternatives 3, (involving containment of impacted pond bottom materials) and Alteratives 4
and 5, an objective is to minimize long-term changes in existing groundwater flow paths and
hydraulics (particularly increases in hydraulic gradients) to the extent practical. Such changes
could result in mobilization of the DNAPL in the area east of the pond, and potentially cause
DNAPL to migrate into the pond at other locations. Control of hydraulic conditions over the
DNAPL zone through long-term groundwater extraction and treatment operations is undesirable.
Therefore, Altematives 3, 4, and 5 employ a barner system. The barrier system will be

constructed to preclude flow at the base of the alluvium {where the DNAPL exists), and to allow
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3.4.1.2

flow in the upper portion of the saturated zone (thus preserving existing groundwater flow paths

to the extent practical). Loading rates of aqueous phase DNAPL constituents from the DNAPL
zone to the 21® Street Pond have not been sufficient to result in detectable concentrations of
DNAPL constituents in pond surface water (except in the DNAPL-impacted comer of the pond).
All Alternatives allow the discharge of the groundwater from the DNAPL zone into the pond to

continue.

The more aggressive DNAPL recovery under Altemative 4 should eliminate the possibility of any
future migration of DNAPL into the remediated section of the 21* Street Pond. With this
premise, the barrier system for Alternative 4 will consist of the series of cbservation/recovery
welis used in Alternative 3 (see Section 3.4.2.1 page 3-20, and Figure 3-2). Based on effective
removal of the subsurface DNAPL, the more costly barrier wall used in Altemative 5 is not
needed,

DNAPL recovery for Alternative 4 is illustrated in Figure 3-6 and 3-7. Each major component of
Alternative 4 is described in more detail in the following text. It is estimated that the water
management period required for Alternative 4 is approximately 6 weeks (4 weeks for excavation
and 2 weeks for backfill of the banks). The total construction time for Alternative 4 is estimated

to be approximately 5 months.

Intensive DNAPL Zone Treatment

Dynamic Underground Stripping (“DUS”) is an innovative thermal remediation technology that
accelerates removal of organic compounds, both dissolved phase and DNAPLs, from the
subsurface (DOE, 2000). In DUS, steam is injected into the contaminant zone, and energy, in the
form of heat, velatilizes contaminants into the vapor phase and solubilizes contaminants into the
groundwater (Figure 3-6). In addition, a portion of the contaminant is destroyed in situ by
Hydrous Pyrelysis Oxidation (“HPO™), a process that converls contarninants into carbon dioxide
and water. Because DUS and HPQ occur simultaneously, this technology is frequently referred
to as “DUS/HPO™.

For the hydrocarbon DNAPL at this site, HPO/DUS relies on a combination of steam and oxygen
injection, in situ bioremediation, soil vapor extraction, electrical resistance tomography, and

conventional pump and treat technologies.
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+ Steam and oxygen are injected below the water table to build a heated, oxygenated zone
at the periphery of the contaminated area to drive contaminants to centrally located

extraction wells.

e HPO/DUS encourages bioremediation by stimulating the growth of microbes that thrive
in high temperatures.

¢ Underground imaging by electrical resistance tomography and temperature monitoring

track the steam fronts and heated areas.
¢ The pump-and-treat component of DUS/HPO provides hydrologic control.

This technology, by operating at high temperatures, takes advantage of the rapid reactions that
take place at steam temperature, as well as rapid mass transfer rates, which makes contaminants
more available for destruction. When the steam injection is stopped, the steam condenses and the

contaminated groundwater is returns to the heated zone. The contaminants in the groundwater

mix with the oxygen, condensate, and with the presence of heat, rapidly oxidize. Durng the
initial DUS phase, removal of the contaminants occurs through physical transport to extraction
wells with subsequent treatment of effluent vapors, NAPL, and water. Simultaneously and

afterwards, HPO treats contaminants in situ.

The overall goal of this technology is that the intensive treatment would remove DNAPL
significantly faster and more completely than other technologies (for example, pump and treat).
With all or nearly all of the DNAPL treated and removed, groundwater restoration could
potentially be achieved. However, based on literature review and discussions with DUS/HPO
contractors and EPA staff, groundwater restoration (that is, achievement of MCLs) of DNAPL
source areas has not been demonstrated at sites where DUS/HPO has been applied.

Significant insight on the effectiveness of DUS/HPQO can be gained from the Visalia Pole Yard
Site in Visalia, CA (Appendix I). The Visalia site is impacted by creosote DNAPL, which lays
80-100 feet bgs. The primary groundwater COCs are benzo(a)pyrene, pentachlorophenol, and
dioxin isomers. Before DNAPL treatment initiated, a pump-and-treat system was in place to treat

the groundwater plume at the facility boundary. Steam injection began in May 1997, and over a

three year period approximately 160,000 gallons of DNAPL were removed. MCLs have been
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achieved at the facility boundary since DNAPL treatment ended in 2001; however, MCLs have
not been achieved in the source zone. In fact, restoration of water quality (using DUS/HPO or
any other technology) in a DNAPL zone has never been documented.* Considering the “lessons

learned” from the Visalia Site and the characteristics of the DNAPL zone in the Northemn Area of
the Ogden Rail Yard:

¢ Using the DUS/HPO process, near term restoration of groundwater quality (that is,
achievement of MCLs) in the DNAPL zone is not certain (and probably will not occur).

* A significant benefit of DNAPL removal at the Visalia Site was achievement of MCLs at
the facility boundary after treatment was complete. At the northern area, monitoring well
data indicate MCLs are already achieved within a relatively short distance outside the
DNAPL zone, and the plume does not appear to be migrating. Although the benefit of
achieving MCLs outside the source area does apply to this site, the benefit would be

minimal in this case.

¢ The DNAPL at the Visalia site is much deeper (80-100") than the DNAPL at the
Northern Area DNAPL (20°). Also, the Ogden River flows over the Northern Area
DNAPL zone and the 21* Street Pond serves as a groundwater sink for DNAPL impacted
groundwater. Given the shallow depth of the DNAPL, as well as the proximity and

hydraulic connection of the DNAPL to these surface water bodies, the potential for
DNAPL migration (due to the decrease viscosity of the DNAPL at high temperatures)

and/or higher concentrations of DNAPL constituents in groundwater (due to increased
solubility of DNAPL compounds at high temperature) during steam injection is a
significant risk. Also, injected steam and “superheated” groundwater would migrate with
the groundwater toward these surface waters. Attempts to prevent impacts to these water
bodies through engineering controls could be made, but a failure in controls could

produce a zone of impact much greater than presently exists.

e The shallow depth of the DNAPL could necessitate 1,000 steam injection and DNAPL

extraction wells at the site. The construction of the wells alone would require an

. * Or. Tors Sale concluded in his dissertation (Fall 1938) that near term restoration of waler quality in a DNAPL zone has never been
documented. Based on further conversations {2003) with Dr. Sale, DUS vendors, and EPA personnel, as well as a literature
search, no one is aware of a site where MCLs were achieved in the source zone.
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enormous construction effort, Because of the constraints caused by existing structures,
the 21st Street overpass embankment, and existing mainline tracks over portions of the
DNAPL zone, this technology could not be applied to about one-fifth of the DNAPL
zone (see Figure 3-7).

3.4.1.3 Institutional Controls

3.4.2

34.2.1

Institutional controls include access restrictions and monitoring, Access restrictions include
providing a notice in the site property deed restricting groundwater use and placing covenants on
off-site properties restricting groundwater use and well installations. Fusther discussion of these

institutional controls was provided by UPRR in Appendix G.

At the completion of intensive DNAPL recovery efforts, a network of monitoring wells in the

DNAPL zone or just beyond it would be sampled (Figure 3-1). Groundwater samples would be
analyzed for the chemicals that compose the DNAPL, VOCs {benzene and ethylbenzene) and
SVOCs (PAHs). Data would be analyzed both spatially and over time (that is, concentration vs.

time and concentration versus distance) to determine what trends (if any) are apparent.

Conceptual Design
Pond Sediment Remedy

COFFERDAM CONSTRUCTION

A temporary cofferdam will be constructed in the east end of the pond as shown in Figure 3-2.
The purpose of the temporary cofferdam is to isolate impacted material and water in the
excavation area from the remainder of the pond during impacted sediment excavation. The
cofferdam should be made as watertight as possible. The cofferdam height will be 4,268.0 feet
amsl, approximately 1.8 feet above the minimum elevation to which the pond can be dewatered
(4,266.2 feet amsl). The depth of water to the top of the Alpine Formation surface at the time of
construction is expected to be approximately 2.6 to 3.7 feet along the centerline of the cofferdam.
(These depths are based on two pond borings (PB 9 and PB 10) which are along the cofferdam
alignment.)

3-19




QOGDEN FEASIBILITY STUDY - Final
Union Pacific Railroad
CERCLA-8-99-12

September 27, 2004

Excavation of a key trench through the approximately 2 feet thick sediment and gravel layers is
needed to tie the cofferdam into the Alpine Formation. The trench will be excavated in the wet
with a backhoe, and the excavated material will be relocated east of the cofferdam. Fill material
for the cofferdam will be dumped and spread with a bulldozer. The backfill will be advanced

across the pond by dumping it underwater until the fill surface is exposed above the water
surface.

The fill material for the cofferdam will be a well-graded, silty or clayey sand with some gravel-
sized material. This will provide a fill material with structural strength and a low potential for
leaving voids (especially in the underwater portion where little compaction effort can be applied),
while providing low permeability to water and high resistance to entry by sheens and DNAPLs.
The maximum fill depth of the temporary cofferdam is expected to be about 5.5 feet (including
the key trench). The central portion of the fill will be compacted from the surface by truck and
backhoe traffic. The outer portions of the fill cannot be compacted, but by using fill with some
gravel content, it will have sufficient strength to minimize lateral flow away from the point of

deposition.

A temporary floating oil control boom will be installed in the pond during the entire period of
cofferdam construction. The oil control boom will be located immediately to the west of the
western edge of the cofferdam (that is, along the temporary fence). This will control the

migration of sheens or floating oils beyond the work area, should any be encountered.

INSTALL DNAPL RECOVERY WELLS UPGRADIENT OF THE POND

A series of DNAPL monitoring and recovery wells will be constructed on the upgradient side of
the pond in the identified DNAPL flow path (Figure 3-2). The objectives of the DNAPL
recovery and monitoring wells are to ensure that DNAPL does not migrate into the remediated
sediment area. The wells as shown on Figure 3-2 will be located at the top of the Alpine
Formation in the depression on the clay surface that appears to have served as the former
migration pathway for DNAPL into the pond. The wells will be monitored on a periodic basis for
evidence of DNAPL accumulation. These wells will also serve as extraction points in the event

that DNAPL is detected. An additional observation well will be located at the low point in the
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Alpine Formation along the wall. This well will be used as an observation well to monitor for
any future DNAPL impact of the remediated sediment area.

WATER LEVEL CONTROL DURING EXCAVATION

An analysis was performed of; 1) dewatering rates and the volume of water generated during
dewatering operations, 2) pond hydraulic conditions during remedial construction, and 3) the
potential water treatment operations needed for remedial activities at the 21* Street Pond in
Ogden, UT. The approach for performing this analysis was introduced in Section 3.3.2.1. Details

more specific to Alternative 4 are described below.

HYDRAULICS, FLOW RATES AND VOLUME ESTIMATES DURING CONSTRUCTION

The methods of addressing the impacted pond sediments have been proposed; Altemnative 4,
sediment excavation with or without complete dewatering of the excavation area (i.e., “wet” or

“dry” excavation).

Key assumptions regarding the flow rate estimates are:

o The water levels in the pond are controlled at the sluice gates to the Ogden River. The
lowest water level that can be achieved using only the sluice gates is 4266.5 feet amsl.
With either alternative, it is assumed that water levels would be lowered to this level

before construction begins.

e For the “wet” excavation option of Alternative 4, it is assumed that dewatering would be

performed to maintain a water level of 4266.5 feet amsl inside the cofferdam.

o For “dry” excavation option of Alternative 4, it is assumed that dewatering would lower
water levels inside the coffer dam to the top of the alpine clay layer (elevation 4262.5 feet
amsl). Dewatering would occur in two phases. In the first phase, pumping rates would
need to be fast enough to remove the existing water inside the cofferdam as well as water
flowing into the pond from natural gradients. The first phase would result in peak flow

rates and is assumed to be complete in one week. Once the pond is completely

dewatered, phase 2 would consist of continued pumping to maintain a dewatered pond.
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o The cofferdam is assumed to prevent pond water from infiltrating back through the
cofferdam. Groundwater infiltration into the dewatered area is assumed to be limited to
the perimeter of the area that is pond bank.

Based on the dewatering calculations, a dewatering flow rate of 170 gpm would be need to be
maintaini pond levels at 4266.5 feet amsl for wet excavation. If “excavation in the dry” is
employed, flow rates during the first phase of dewatering could reach 230 gpm. Once the pond is
dewatered, calculations indicate a flow rate of 200 gpm would be needed to maintain dewatered

conditions.

Excavating in the “wet” is potentially a slower operation that excavation in the “dry”. Even
though the dewatering rate would be lower, calculations indicate that the higher construction time
using the excavation in the “wet” option results in treatment of nearly the same volume of water

(about 5 to 6 million gallons) as the excavation in the “dry” option.

POND HYDRAULICS AFTER CONSTRUCTION

The pond hydraulics during construction would be similar to Alternative 5 in that a net gradien‘t
~ toward the pond would be created during the dewatering process. However, the pond hydraulics
after construction would be different from Alterative 5 and for Alternative 3 because no

permanent barrier would be left in place because the coffer dam would be removed and no sheet
pile would be installed along the pond bank. The sheet pile would not be required because of the -

active and aggressive DNAPL recovery activity outside the pond.

TREATMENT PROCESSES

The wastewater treatment process described in Section 3.3.2,1 would be implemented for
Altemnative 4 also. The objective of the treatment process would be to remove oil (DNAPL),
sediments, and dissolved phase to the extent needed to meet treatment standards. Regardless of

whether Alternative 3, 4, or 5 is selected, the approach to treatment woulkl be similar.
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EXCAVATION AND DISPOSAL OF CONTAMINATED POND BOTTOM MATERIALS

All DNAPL-impacted sediments and gravels identified by visual discolorations within the area
confined by the cofferdam and the barrier wall will be removed to a depth 0.5 feet below the top
of the Alpine clay. Clean sediments and gravels within the cofferdam but outside the limits of the
residual DNAPL would not be excavated. Clean overburden on ;he shoreline of the pond will be

stockpiled for later restoration of the shoreline.

Excavated sediments and gravels that are water-saturated will be placed in a temporary stockpile
to gravity drain. Cement (a drying agent) will then be mixed into the pond bottom materials to
stabilize pore water. The excavated materials will be drained and the cement will be added in the
pond bottom or in the clearing area east of the barrier wall. The stabilized waste material will
then be hauled as a petroleum waste in water-tight trucks and/or railcars to an offsite area for
disposal. Approximately 2,400 cubic yards of excavated pond bottom materials will be removed
for disposal. After mixing with cement, this results in approximately 4,000 tons of material

requiring disposal’.

The DNAPL-impacted pond bottom materials to be excavated from the 21* Street Pond are not
deemed to be RCRA-hazardous based on the following comparisons.

¢ A sample of pure DNAPL oil was collected from well 33-MWIFP on 7-11-00. This sample
was analyzed for ignitability, reactivity, and corrosivity characteristics. Results of the
analyses show that the oil is non-corrosive and non-reactive. The flashpoint (ignitability
parameter) for pure DNAPL oil is 125° F, which fails the ignitability test of <140° F.
However, given the fact that the impacted pond bottom materials are water-saturated and
mixed with soils, the excavated material is anticipated to have a flashpoint in excess of 140°
F. This conclusion will be verified during remedial action design by sampling and analysis of
DNAPL-impacted sediment samples for waste profiling purpose, which will include
ignitability testing,

¢ Asaclass of MGP waste, this material is exempt from TCLP analysis.

* The excavated volume of DNAPL-impacted material 1o be excavated is 1,976 cubic yards, based on a swiace area of 18,400
square feet, at an average depth of 2.9 feet. The average density of the excavated matenial is estimated to be 118 lbs/ft’, based
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BACKFILL THE EXCAVATED POND AREA AND REMOVAL OF THE TEMPORARY
COFFERDAM

The shoreline will be restored to its present aerial extent. Clean overburden removed from the
shore during the excavation operation will be returned to the shoreline. Residual stringers of
DNAPL that are identified and cannot be removed will be covered with 1 foot of clay material.
The temporary cofferdam will be removed and the soil material will be spread into the excavated
pond area. (Cofferdam material that is impacted by DNAPL during the excavation will be
removed, stabilized, and disposed of off-site, so the remaining materials will be suitable for

placement as fill in the pond.)

FENCING AND SITE ACCESS

After construction of Alternative 4 is complete, the chain link fence constructed as an interim
measure in May 2001 will be removed and the site can again be opened to public access. The
. monitoring/recovery wells and observation sump will be designed with locking, watertight covers

to prevent public access and protect the sump during flooding.

REVEGETATION

Alternative 4 requires the removal of the vegetation along the banks of the pond confined by the
cofferdam. This area will be revegetated.

MONITORING AND DNAPL RECOVERY

DNAPL that accumulates in the recovery sump south of the pond will be removed. The sump and
well 33-MWOFP will be monitored monthly to detect DNAPL, if any. Because DNAPL
accumnulation is not expected, no active, permanent DNAPL recovery systems will be installed,
but DNAPL may be recovered using a vacuum truck or other recoverable DNAPL pumping
system, as needed.

on a gravel dansity of 136 Ibs/it’ and sediment density of 100 Ibs/i’, It was assumed that 5 pounds of cement would be required
to stabilize each cubic foot of DNAPL-impacted material.
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34.2.2 Intensive DNAPL Recovery

The DUS/HPO process was selected as a representative aggressive DNAPL recovery technology
to determine if this type of approach provided any practical benefit at the site, This assumes that
the general evaluation of the steam-enhanced recovery is essentially the same as for other
aggressive recovery technologies relative to concept and effectiveness. If this representative

approach is chosen, further optimization of the treatment approach would be included later.

The conceptual design for the Northern Area was developed with assistance from personnel at
Steamtech Environmental Services® The basic components of the DUS/HPO process are

discussed below.

®  Given the depth of the DNAPL and site geology, up to 1,000 injection wells would be needed
to cover the site (Figure 3-7). It is assumed that injection wells would be spaced at a
maximum of 40 foot centers. Steém would be injected at a rate of 50,000 lbs/hour (maximum
total), which translates to 5,000 lbs/hr/well.

¢ The depth to the top of the “heated zone™ is assumed to be 13 feet. Over an 11 acre site, this

translates to a treatment volume of approximately 225,000 cubic-yards.

* An estimated 117 liquid extraction wells would be capable of producing up to 3 gpm of
liquids per well. The total liquid extraction rate is estimated to be 350 gpm.

e Extracted fluids would pass through a heat exchanger and then be separated into DNAPL,
water, and vapor. The DNAPL would be collected in a holding tank; the vapor would be
treated using a vapor phase granular activated carbon system (“GAC”} and discharge to the
atmosphere; the water would be treated using a GAC systern and discharged to a city sewer

under permit.

* Treatment would occur over four phases: a heat up phase (95 days), pressure cycling phase
(1,941 days), extraction phase (10 days), and cool-down phase (100 days). The estimated

treatment time (not including the time to construct the system) is 6 years.

¢ Steamtech performed the DNAPL treatment at the Visalia Pole Yard.
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3.4.3 CostEstimate

Based on the number of wells discussed in the text (1,117), preliminary cost information indicates
that the DUS process alone could cost $49.75 million. As shown in Appendix H, the total cost to

implement the complete alternative is $50.43 million.

3.5 ALTERNATIVE 5 — POND SEDIMENT EXCAVATION REMEDY WITH DNAPL RECOVERY AND
INSTITUTIONAL CONTROL

The focus of this alternative is aggressive and intensive efforts to remove DNAPL from the 21
Street Pond and surrounding areas. The key active technologies that would be employed include
excavation and off-site disposal of pond sediments and impacted soil and DNAPL recovery by
pumping from DNAPL impacted areas outside the pond.

3.5.1 Concept

3.5.1.1 Pond Sediment Remedy

Alternative 5 addresses the risk posed by DNAPL-impacted pond bottom materials in the 21
Street Pond materials by removing them and disposing them in an off-site disposal facility.

Major components of this alternative are briefly described as follows:

e A cofferdam will be installed to hydraulically isolate the DNAPL-impacted pond zone, to
enable water level control of this zone and subsequent wet excavation of DNAPL-

impacted pond bottom material.

¢ After the excavation zone has been isolated and water levels controlied, the impacted
pond bottom material will be removed and mixed with a stabilizing agent such as cement.

The stabilized material will then be transported to a disposal facility.

¢ The cofferdam will then be removed, and the area where excavation took place will be

restored to a physical condition similar to that at the site before construction began.

e A barrier wall will be installed in the former DNAPL flow path, to ensure that future

migration of DNAPL into the remediated area does not occur.
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3.5.1.2

3.5.1.3

3.5.2

3.5.2.1

DNAPL recovery for Alternative S is illustrated in Figure 3-8. It is estimated that the water
management period required for Alternative 5 is approximately 6 weeks (4 weeks for excavation
and 2 weeks for backfill of the banks). The total construction time for Alternative 5 is estimated

to be approximately 5 months.

DNAPL Recovery

DNAPL recovery for Alternative 5 would be implemented as it would for Altemnative 3 as

discussed in Section 3.3.1.2,

At the completion of intensive DNAPL recovery efforts, a network of monitoring wells in the
DNAPL zone or just beyond it would be sampled (Figure 3-1). Groundwater samples would be

analyzed for the chemicals that compose the DNAPL, VOCs (benzene and ethylbenzene) and
SVOCs (PAHs). Data would be analyzed both spatially and over time (that is, concentration vs.

time and concentration versus distance) to determine what trends (if any) are apparent.

Institutional Controls

Institutional controls include access restrictions and mionitoring. Access restrictions include
providing a notice in the site property deed restricting groundwater use and placing covenants on
off-site properties restricting groundwater use and well installations. Further discussion of these

institutional controls was provided by UPRR in Appendix G.

Conceptual Design

Pond Sediment Remedy

The conceptual design for excavation and disposal of 21 Street Pond sediment is similar to that
described for Altemative 4 as discussed in Section 3.4.2.1 with the following exceptions. The
most significant difference between the excavation approach proposed in Altemative 4 and that
proposed for Alternative 5 is the installation of a barrier wall along the entire 21* Street Pond
shoreline within the excavation area. Because Alternative 4 involves aggressive excavation of
DNAPL impacted sediments inside and outside of the pond area, the additional barrier required

for Alternate 5 would not be necessary in Alternative 4. This barrier wall required in Alternative
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5 is needed to ensure no additional DNAPL impacts to the remediated sediment area, because
active DNAPL recovery would be conducted only in areas known DNAPL accumulation.

BARRIER WALL CONSTRUCTION

The approximate location of the sheet pile barrier wall will be the easten bank of the pond
(Figure 3-8). The wall will be deeply embedded into the alpine clay formation and will require
large cross-sections capable of resisting the large overturning cantilever forces that will occur
during the excavation of impacted pond bottom materials. In general, the wall will need to be
embedded into the clay twice the height of soil and water above the alpine formation, If this
alternative is carried forward into the final design stage, a wall analysis will be performed to
determine the necessary embedded depth. A ditch constructed on the eastern (up-gradient) face
of the barrier wall (Figure 3-8) will aid in the interception of groundwater that is flowing toward
the impacted area. This ditch will direct intercepted groundwater around the eastern face of the
wall to a pond outlet. Furthermore, the barrier wall (top elevation 4,268.5 feet amsl) will
minimize the amount of Ogden River water seeping into the portion of the pond that will be
excavated. Therefore during excavation, nearly all of the groundwater which normally would
travel through the excavation zone will be diverted around the excavation area, Qil booms can be
constructed to catch any DNAPL sheens that appear on the ditch water.

Wing walls at both ends of the barrier wal! will help direct the flow of groundwater to the weir
and reduce the probability that DNAPL will migrate around the barrier and into the pond. The
southwest wing wall will be extended to the toe of the 21* Street overpass embankment. The
northeast end of the wing wall will be extended east to within 40 feet of the Ogden River. The
wing walls will be driven approximately 2 feet into the alpine formation and cut off 1 foot below
the ground surface to approximately 4,279.0 amsl.

After the impacted pond bottom materials have been excavated, a portion of the barrier wall will

be lowered to elevation 4,267.0 amsl. The newly lowered portion of the wall will serve as a weir

and allow groundwater to flow over the barrier wall and into the pond at minimum velocities.
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DEWATERING DURING CONSTRUCTION

An analysis was performed of; 1) dewatering rates and the volume of water generated during

dewatering operations, 2) pond hydraulic conditions during remedial construction, and 3) the

potential water treatment operations needed for remedial activities at the 21* Street Pond in

Ogden, UT. The approach for performing this analysis was introduced in Section 3.3.2.1. Details

more specific to Alternative 5 are described below.

HYDRAULICS, FLOW RATES AND VOLUME ESTIMATES DURING CONSTRUCTION

The methods of addressing the impacted pond sediments have been proposed; Alternative 5,

sediment excavation with or without complete dewatering of the excavation area (i.e., “wet” or

“dry” excavation).

Key assumptions regarding the flow rate estimates are:

The water levels in the pond are controlled at the sluice gates to the Ogden River. The
lowest water level that can be achieved using only the sluice gates is 4266.5 feet amsl.
With either alternative, it is asswned that water levels would be lowered to this level

before construction begins.

For the “wet” excavation option of Alternative 5, it is assumed that dewatering would be

performed to maintain a water level of 4266.5 feet amsl inside the cofferdam.

For “dry” excavation option of Alternative 5, it is assumed that dewatering would lower
water levels inside the coffer dam to the top of the alpine clay layer (clevation 4262.5 feet
amsl). Dewatering would occur in two phases. In the first phase, pumping rates would
need to be fast enough to remove the existing water inside the cofferdam as well as water
flowing into the pond from natural gradients. The first phase would result in peak flow
rates and is assumed to be complete in one week. Once the pond is completely

dewatered, phase 2 would consist of continued pumping to maintain a dewatered pond.

The cofferdam is assumed to prevent pond water from infiltrating back through the
cofferdam. Groundwater infiltration into the dewatered area is assumed to be limited to

the perimeter of the area that is pond bank.
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Based on the dewatering calculations, a dewatering flow rate of 170 gpm would be need to be
mamtain pond levels at 4266.5 feet amsl for wet excavation. If “excavation in the dry” is
employed, flow rates during the first phase of dewatering could reach 230 gpm. Once the pond is

dewatered, calculations indicate a flow rate of 200 gpm would be needed to maintain dewatered

conditions.

Excavating in the “wet” is potentially a slower operation that excavation in the “dry”. Even
though the dewatering rate would be lower, calculations indicate that the higher construction time
using the excavation in the “wet” option results in treatment of nearly the same volume of water

(about 5 to 6 million gallons) as the excavation in the “dry” option.

It is important to note that during construction whether the sheet pile barrier upgradient of the
pond is installed before or after excavation, dewatering during construction would be at the same
rate, but a portion of the dewatering may be accomplished upgradient of the barrier wall if the

wall is installed before excavation is complete.

POND HYDRAULICS AFTER CONSTRUCTION

The details of the hydraulic modeling using MODFLOW were presented in Appendix L of the
Remedial Investigation Report (Forrester, 2003a, Part 2) and Appendix C of the Focused
Feasibility Study for the 21* Street Pond (Forrester, 2001). Alternative 5 in the Final FS

(Alternative 2 in the Focused FS) utilizes a barrier wall installed into the alpine clay that extends

around the castern end of the 21* Street Pond.

Modeling results for the barrier wall utilized for Alternative 5 indicate only marginally increased
hydraulic gradients at the southern end of the barrier wall. However, these hydraulic conditions

should not result in undesired DNAPL migration, based on the following considerations:
¢ The southern end of the sidewalls is outside the projected extend of the DNAPL zone.

¢ Hydraulic conditions in the area overlying the DNAPL zone should not cause DNAPL

migration toward the southern end of the sidewalls.
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¢ DNAPL recovery operations on the up-gradient side of the wall should further mitigate

the potential for DNAPL migration to and accumulation at the southern end of the
sidewall.

In summary, the location of the barrier wall along the bank of the 21* Street Pond used for
Alternative 5 and the height of the submerged weir will not effect adverse DNAPL migration.

TREATMENT PROCESSES

The wastewater treatment process described in Section 3.3.2.1 would be implemented for
Alternative 5 also. The objective of the treatment process would be to remove oil (DNAPL),
sediments, and dissolved phase to the extent needed to meet treatment standards. Regardless of

whether Altemnative 3, 4, or 5 is selected, the approach to treatment would be similar.

BACKFILL THE EXCAVATED POND AREA AND REMOVAL OF THE TEMPORARY
COFFERDAM

The downgradient side of the sheet pile will be backfilied to the existing grades along the pond
shoreline and the shoreline will be restored to its present aerial extent. Clean overburden removed

from the shore during the excavation operation will be retumed to the shoreline.

Revegetation

Alternative 5 requires the removal of the vegetation along the banks of the pond confined by the
cofferdam. In addition, an approximate 30-foot wide strip of vegetation will be disturbed by the

construction of the wing wall that stretches toward the Ogden River.

Monitoring and DNAPL Recovery

The conceptual design for DNAPL recovery with Alternative 5 is the same at that described for
DNAPL recovery with Alternative 3 as discussed in Section 3.3.2.2.
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3.5.3 Cost Estimate

Preliminary cost information indicates that the 21* Street Pond sediment excavation and disposal
including a protective DNAPL barrier alone could cost $1.2 million. As shown in Appendix H,

the total cost to implement the complete alternative is $2.3 million.
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4

41

DETAILED ANALYSIS OF ALTERNATIVES - NORTHERN AREA

OPERABLE UNIT

This section includes a detailed analysis of the altermatives to be considered (Table 4-1). The
detailed analysis is a multi-step process of evaluating alternatives to allow comparison of the
alternatives and to identify the key trade-offs among them. During the detailed analysis, each
alternative is assessed against the evaluation criteria described in Section 4.1. The results of the
detailed analysis, shown in Table 4-1 and discussed in Section 4.2, provide relevant information

needed to allow selection of the site remedy.

EVALUATION CRITERIA

For a remedial action to meet the statutory requirements addressed in the National Contingency
Plan (“NCP”) (U.S. EPA, 1990), it must:

¢ Be protective of human health and the environment.
o Attain ARARs or provide grounds for invoking a waiver.
+ Be cost-effective.

¢ Use permanent solutions and alternative treatment technologies, or resource recovery

technologies, to the maximum extent practicable.

+ Satisfy the remedial action objectives or satisfy the preference for treatment that reduces

toxicity, mobility, or volume as a principal element.

In addition, other statutory requirements emphasized by the Comprehensive Environmental
Response, Compensation, and Liability Act (“CERCLA”) include an evaluation of the long-term

effectiveness and the following related considerations:
+ The persistence, toxicity, and mobility of the hazardous substances and their constituents.
* Short- and long-term potential for adverse health effects from human exposure.

+ Long-term maintenance costs.
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4.1.1

4.1.1.1

4.1.1.2

» The potential threat to human health and the environment associated with excavation,

transportation and re-disposal, or containment.

These requirements have been condensed into nine evaluation criteria, which serve as the basis
for evaluating the alternatives in the detailed analysis. These nine criteria include: overall
protection of human health and the environment; compliance with ARARs; long-term
effectiveness and permanence; reduction of toxicity, mobility, or volume; shori-term
effectiveness; implementability; cost; state acceptance; and community acceptance. The nine

criteria are described in the following subsections.

Threshold Criteria

Assessments against two of the evaluation criteria relate directly to statutory findings that must

_ ultimately be made in the final remedial decision. Therefore, these are categorized as threshold

criteria because each alternative must meet them. These two criteria are described below,

Overaif Protection of Human Health and the Environment

The assessment against this criterion describes how the detailed alternative, as a whole, provides
adequate protection of human health and the environment and meets the remedial action
objectives. This evaluation focuses on how the remedial action objectives are met through

treatment, engineering, or institutional controls.

Compliance with ARARs

Remedial actions must meet any federal or state standards, requirements, criteria, or limitations
that are determined to be legally applicable or relevant and appropriate requirements (“ARARs”).
Each of the four alternatives was evaluated based on the three general ARAR categories:
chemical-specific ARARs, location-specific ARARs, and action-specific ARARs. Compliance
with ARARs is discussed later in this section and a comparison is included in Table 4-1. Table 4-
2 provides a more detailed summary of each ARAR and its applicability to the remedial action
alternatives considered.
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CHEMICAL-SPECIFIC ARARS

Chemical-specific ARARs are standards pertaining to the amount or concentration of a chernical
allowed or discharged in the environment. These values are derived from health- or risk-based
calculations incorporating the chemical characteristics, the media of concern, and potential
exposure pathways. Chemical-specific ARARs for the site include groundwater and surface

water criteria.

Three categones of groundwater protection standards are considered by Superfund as potentially
applicable or relevant and appropriate requirements: background concentrations, maximum
concentration limits (“MCLs”), and alternate concentration limits (“*ACLs”). In general,
Superfund will find MCLs under the Safe Drinking Water Act the relevant and appropriate

requirements for most sites.

Superfund considers the potential adverse effects on groundwater quality and hydraulically-
connected surface water and other factors in evaluating the use of ACLs. CERCLA
lZI(d)(Z)(B)(ii) provides a set of three additional conditions limiting the use of ACLs at
Superfund sites where MCLs would otherwise be applicable or relevant and appropriate. The

statute prohibits use of any process for establishing ACLs for hazardous constituents in
groundwater (where there is not a projected entry into surface water) for purposes of an on-site
cleanup that assumes a point of human exposure beyond the boundaries of the facility, except

where three specific conditions are met:
* There are known and projected points of entry of such groundwater into surface water

¢ On the basis of measurements or projections, there is or will be no statistically significant
increase of such constituents (above surface water criteria) from such groundwater in such
surface water at the point of entry (Ogden River or 21* Street Pond) or at any point where

there is reason to believe accumulation of constituents may occur downstream

+ The remedial action includes enforceable measures (that is, institutional controls) that will
preclude human exposure to the contaminated groundwater at any point between the
facility boundary and all known and projected points of entry of such groundwater into

surface water.,
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4.1.2

4.1.2.1

A site-specific ACL analysis is provided in Appendix F.

LOCATION-SPECIFIC ARARS

Location-specific ARARs are used to identify and protect unique or areas, such as historic areas,
wetlands, ecosystems, and endangered species, but also serve to prevent potential hazards
associated with working in floodplains or geologically unstable regions. Additional regulations

regarding zoning ordinances are also location-specific ARARs.

ACTION-SPECIFIC ARARS

Action-specific ARARs are utilized to determine activity or technology based restrictions on
remediation proposals. These requirements may be imposed based on the chemical and
disposal/treatment method employed. Several regulations were identified that may impose
restrictions on the remediation proposals, including standards outlined in the Occupational Safety
and Health Act (“OSHA”), the Clean Air Act (“CAA’™), the Clean Water Aci (“CWA”), the
Resource Conservation and Recovery Act (“RCRA”), and the Toxic Substance Control Act
(“TSCA”™) and analogous rules and regulations for the state of Utah. Additional action-specific

ARAR:s include requirements for construction permits and adhering to building codes.

Primary Balancfng Criteria

The following five criteria described below are grouped together because they represent the
primary criteria upon which the analysis is based.

Long-Term Effectiveness and Permanence

The evaluation of detailed alternatives under this criterion addresses the results of a remedial
action in terms of the risk remaining at the site after remedial action has been implemented. This
assessment includes an analysis of the magnitude of residual risk and the adequacy and reliability
of engineering or institutional controls. The magnitude of residual risk analysis takes into

account the following:

e Residual risk, expressed in cancer risk levels, volumes, or concentrations remaining from

untreated waste or treatment residuals at the conclusion of remedial activities.
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* The volume, toxicity, and mobility of residuals remaining after remedial activities.

The adequacy and reliability of engineering or institutional controls is evaluated in terms of the
long-term reliability of controls used to manage treatment residuals or untreated waste remaining

at the site, and considers the following:

e The likelihood that the technology would meet required process efficiencies or
performance specifications;

¢ The type and degree of long-term management and monitoring;

¢ Operation and maintenance (“O&M?”) functions required to maintain process efficiencies

or performance specifications;

¢ Ditficulties of long-term maintenance, including the potential need for replacement of
technical components, the risks should the components need replacement, and the degree

of confidence that controls can adequately handle potential problems.

4.1.2.2 Reduction of Toxicity, Mobility or Volume

This criterion is based on a preference for treatment technologies that irreversibly reduce toxicity,
mobility, or volume of the compounds-of-interest. The primary concern is whether the detailed
alternative would satisfy this preference for treatment as a principal element (treatment is defined
in the U.S, EPA guidance as the destruction of toxic COCs, reduction of the total mass of toxic
COCs, umeversible reduction in contaminant mobility, or reduction of total volume of

contaminated media).

The focus of this criterion is whether the proposed detailed alternative reduces the principal
threats through treatment. Some considerations under this detailed alternative include the

following:

« The treatment process and remedy; whether the treatment process addresses the principal

threats, and whether there are any special process requirements or limitations.

¢ The mass and volume of material destroyed or treated.
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* The extent to which the total mass, mobility, and volume of toxic COCs are reduced, and

whether or not the reduction is irreversible.

o The type, quantity, and characteristics of treatinent residuals, and the risks posed by the

residuals.

e The statutory preference for treatment as a principal element.

4.1.2.3 Short-Term Effectiveness

This criterion addresses the effects of the detailed alternative during the construction and

implementation phases until remedial action objectives are met, and considers the following:

¢ The nisks, which could not be readily controlled during remedial actions, to site

remediation workers and the methods used to mitigate the risks.

¢ The risks to the cornmunity during the remedial action, and how the risks would be

mitigated.

¢ Environmental impacts which can be expected during construction and implementation,
the mitigation measures and their reliability, and the impacts which can not be avoided or
controlled.

o The length of time until remedial objectives are met.

4.1.2.4 Implementability

This criterion addresses the technical and administrative feasibility of implementing a detailed
alternative and the availability of various services and materials required during its
implementation.  Assessment of this criterion relies heavily on previous evaluations of

technologies described in Section 3. Specific considerations include the following:

» The ability to construct and operate the detailed alternative, the difficulties and
uncertainties which may be encountered during construction, and the likelihood of

technical problems which may lead to schedule delays.
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o The ease of undertaking additional remedial action, and what those additional actions

may be.

» The coordination required between agencies over the long term, and the ability to obtain

permits for the remedial activities.

* The availability of capacity at treatment, storage, and/or disposal services, and the

measures required to ensure that capacity is available,

+ The availability of necessary equipment and specialists, and whether a lack of equipment

and specialists prevents implementation.

e The degree to which technologies are available and sufficiently demonstrated for the

specific full-scale application.

4.1.2.8 Cost

The cost analysis includes estimates of capital costs {both direct and indirect) and annual O&M
costs associated with each component of a detailed alternative. The target level of accuracy is
+50 percent to -30 percent. Total cost was estimated based on a present worth analysis using a

net interest rate of 7 percent.

The cost may play a significant role in comparing detailed alternatives which are similar in long-
term effectiveness, or in which the treatment methods provide a similar performance. The
detailed alternatives with costs that are high when compared to the overall effectiveness of the
detailed alternative will not be selected as the final remedy. Similarly, non-treatment alternatives
that have low initial capital costs may be more costly overall than a treatment altemative when
longterm O&M costs are considered. An improved performance or greater long-term risk
reduction may justify higher costs. The preferred detailed alternative is generally the one that

satisfies the criteria at the most reasonable cost.
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4.1.3

4.1.3.1

4.1.3.2

4.2

4.2.1

Modifying Criteria

The final two criteria are not evaluated directly in this FS, but will be evaluated following
comment on the FS report and the proposed plan and will be addressed once a final remedial

action decision is being made.

State Acceptance

This criterion evaluates the technical and administrative issues and concems the State, or support
agency, may have regarding each of the detailed alternatives. This criterion is not addressed at
this time,

Community Acceptance

This criterion evaluates the issues and concems the public may have regarding each of the

detailed alternatives. As with the State acceptance, this criterion is not addressed at this time.

COMPARATIVE ANALYSIS

A detailed comparative analysis is shown in Table 4-1. The No Action alternative (Alternative 1)
is not discussed because it does not meet any RAQs. The remaining alternatives are compared

and contrasted below.

Overall Protection of Hurmman Health and the Environment

+ Alternatives 3, 4, and 5 are the alternatives that best address the RAOs.

¢ The only RAO not achieved by Alternatives 3 and 5 is restoration of groundwater to
beneficial uses, which none of the alternatives can reliably accomplish. The Forrester
Group is not aware of any site with a large DNAPL zone at which restoration to drinking
water quality criteria throughout the impacted zone has been achieved and documented.
Given the paucity of documentation on the actual restoration of groundwater zones
containing DNAPL (despite many remediation projects have this objective), there is
widespread concern that groundwater restoration (that is, achievernent of MCLs) in an
extensive DNAPL zone is technically impracticable. Given that there is significant doubt

as to the ability of even Altemnative 4 to achieve complete groundwater restoration
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remains (achievement of drinking water quality throughout the DNAPL zone), and in
lig;ht of both the long-term and short-term effectiveness considerations summanzed in
Table 4-1, there is uncertainty as to whether “intensive DNAPL zone treatment”
(Altemnative 4) offers significant and tangible benefits in terms of overall protection of
human health and the environment relative to DNAPL recovery with MNA and controls
(Alternatives 3 and 5).

Only Alternatives 3, 4, and 5 protect human and ecological receptors from exposure to
DNAPL contaminated sediments in the pond. Once these sediments are either capped
{Alternative 3) or excavated (Altemnatives 4 and 5), this RAO is achieved.

Alternatives 2 through 5 prevent unacceptable risk to current and future humans
presented by direct contact, inhalation, and ingestion of contaminated groundwater. (No
current exposure exits; as discussed in Section 1.2.5.1, protection from future exposure is
achieved quickly with ICs). Alternatives 3, 4, and 5 remove DNAPL to reduce the
potential for further spread of the DNAPL,

42.2 Compliance with ARARs

Altematives 2 through 5 would meet action specific and location specific ARARs.

As discussed in Appendix F, site conditions are appropriate for applying ACLs as the
chemical-specific ARARs for groundwater at this site. With Altematives 2 through 5,
compliance with ACLs could be quickly demonstrated.

4.2.3 Long-Term Effectiveness and Permanence

21* Street Pond. In Alternative 3, residual risk from Pond sediments is reduced by
capping them in place. In Alternatives 4 and 3, residual risk is reduced by excavating and
disposing them. Either method is capable of reducing pond sediment risk to acceptable

levels.

Areas outside the 21" Street Pond. With Altemative 2 through 5, ICs would be
enforceable and monitoring would be used to demonstrate effectiveness of controls. For

this criterion, long-term effectiveness and permanence would be provided by the
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combination of contaminant mass removal (the degree of which is variable among the

alternatives) and ICs (which are common to each of the alternatives).

4.2.4 Reduction in Toxicity, Mobility, or Volume

e Altemnatives 3, 4 and 5 reduce mobility and volume of DNAPL. A larger volume of
DNAPL could potentially be removed with Altemative 4. Appreciable reduction in
mobility and volume of DNAPL would not occur in Altemative 2 (over and above the
DNAPL removal already accomplished).

4.2.5 Short-Term Effectiveness

» Altematives 3 and 5 are also the only alternatives that achieve all of the RAOs in

relatively short time period, except for restoration of groundwater to beneficial uses.

- e Alternatives 3 and 5 are protective of remediation workers, the community, and the
. environment, Implementation of DUS/HPO in Alternative 4 could potentially have

adverse effects on nearby surface water.

4.2.6 Implementability

» There are no technical barriers to implementability of Alternatives 2, 3 or 5. Preventing
steam from migrating to and impacting the 21* Street Pond and Ogden River presents a
technical challenge to Alternative 4. Dynamic underground stripping beneath active rail

lines and highways would also not be practical.

&+ Equipment and materials to implement Alternatives 2, 3 and 5 are readily available. On
the other hand, DUS/HPQ is a patented technology that is only offered by a limited
number of vendors. Supply of services and parts to implement Altemative 4 could

potentially be problematic.

4.2.7 Cost

. s Capital costs for Alternative 3 are estimated to be $500,000 (see pages 3 and 4 of
. Appendix H for detailed derivation of capital cost portion of the cost estimate for the

alternative); operation and maintenance costs are estimated to be $1,107,000.
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o The capital cost to implement Alternative 5 would cost would be more than 2-times the

capital cost to implement Alternative 3.

e Alternative 4 could cost approximately 30-times more than Alternative 3.
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CONCLUSIONS AND RECOMMENDATIONS - NORTHERN AREA
OPERABLE UNIT

Based on the comparative analysis performed in Section 4.2 (Table 4-1), key remedy selection

constderations are as follows:

* The UPRR Project team is not aware of any site with a large DNAPL zone at which
restoration to drinking water quality criteria throughout the impacted zone has been
achieved and documented. Therefore, groundwater restoration (that is, achievement of

MCLs) is considered technically impracticable.

» Alternative 3 reliably achieves all of the remaining RAOs in a relatively short time period

(that is, a few years).

o Alterative 3 addresses the DNAPL impacted pond sediments by capping them in place.
Once these sediments are capped, human and ecological receptors will be protected from
direct exposure to the sediments. Capping the DNAPL sediments in place is consistent
with the remedial action component for the DNAPL zone (waterflood DNAPL recovery),
in that both altematives will rely on institutional and/or engineering controls to manage
the potential risk posed by residual DNAPL-impacted soils and sediments.

e Altematives 4 and 5 include excavation and ofi-site disposal of DNAPL-impacted
sediment and soil from the 21% Street Pond. Although the intent of the excavation is to
remove all of the impacted sediment and soil, it is possible that a fraction of the material
may not be removed due to limitations in locating the impacted material and in
effectively removing the sludge and soil from the saturated pond bottom. While
confirmation sampling may have limitations with regards to verifying that all DNAPL-
impacted material has been removed, it is still the most effective method to verify that

standards or criteria have been achieved.

e Relative to Alternative 3, Alternatives 4 and § incorporate a significantly higher level of
effort and cost in reducing contaminant concentrations. However, even after this more

intensive and costly remedial action effort, long-term site management requirements (for
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example, the need for institutional controls to manage residual impacts) would remain

essentially the same as for Alternative 3.

Alternative 4 poses a significant challenge with respect to protection of hurman health and the
environment during remedial action. Because the DUS process relies on making the DNAPL
more mobile, there is an accompanying potential for unintended contaminant redistribution.
Preventing the mobilized DNAPL from impacting water quality in the 21* Street Pond would

be of particular concern.

Based on alternative comparison presented in Section 4, including the above considerations,

Alternative 3 is the preferred alternative. Altemative 3 meets the threshold criteria and clearly

provides greater value than the other alternatives. In summary, the recommended alternative

consists of the following:

*

' DNAPL impacted 21* Street Pond sediments will be contained and capped in place (Figures

3-2 and 3-3). A cofferdam will be constructed in the pond’s southeast corner to segregate the
DNAPL impacted sediments from the remainder of the pond, and then the sediments will be
baclkdilled to eliminate the potential exposure pathway. The estimated construction time for

capping the sediments in place is 16 weeks.

DNAPL recovery will be performed to deplete continuous phase DNAPL. A maximurn of
four pools of potentially recoverable DNAPL have been identified and each will be depleted
to the extent practicable. DNAPL recovery will be performed by applying the pumping
recovery technologies used during the 2002 pilot DNAPL recovery project. The estimated
time to complete DNAPL recovery of these areas is 3 years.

Institutional controls will be applied to ensure that direct contact, inhalation, and ingestion of
impacted groundwater will continue to be an incomplete exposure pathway. Institutional
controls to could be applied in short time period. Monitoring will continue to be performed to

ensure that surface water and other groundwater in the vicinity of the site are protected.
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6 DEVELOPMENT OF ALTERNATIVES - RAIL YARD GROUNDWATER
OPERABLE UNIT

An initial selection of technologies which appear to be the most likely candidates for
implementation at the Ogden Rail yard site was completed (Appendix A). The initial screening
that was performed and the RAOs agreed to with the agencies were used to develop the list of
alternatives discussed in this section. Remedial Action Alternatives to be evaluated for the Rail
Yard Groundwater QU (“OU-04"} are as follows:

1. No further action.

2, MNA. Evaluation of this alternative will incorporate the results of the additional groundwater

monitoring and natural attenuation characterization work discussed in Section 1.2.4.1.

3. Focused source removal with MNA. This alternative will include actions to address the
wastewater sewer lines and machine shop associated with the former Southern Pacific
Railroad (*SP”) facilities, which-appear to be a potential source of ongoing CVOC loading to
the North CVOC Plume.

4. Aggressive source area remediation with MNA. This alternative will include actions to more

aggressively treat potential sources of ongoing CVOC loading to the North CVOC Plume,

This alternative considers air sparging in the zones of highest CVOC concentration,

5. Perimeter groundwater treatment. This alternative will include actions to actively treat
groundwater along the site perimeter, to mitigate the potential for offsite migration of CVOC-
impacted groundwater. This alternative is comprised of a line of air sparging wells that will
create a treatment zone through which impacted groundwater must pass before offsite

migration.

6. Aggressive Source Arca Remediation and active groundwater remediation with the objective
of restoration of groundwater beneficial use as expeditiously as possible. This alternative

\ considers air sparging over the entire extent of VC impacts.
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6.1

6.2

6.2.1

ALTERNATIVE 1 — NO FURTHER ACTION

This alternative serves as the baseline for comparison of other alternatives. With this alternative,

no monitoring, control, or treatment of impacted media is performed.

ALTERNATIVE 2 - MNA

This aiternative relies on the natural attenuation processes at the site to meet the remedial

objectives for the Ogden Rail yard groundwater.

Concept

In their technical directive (OSWER 9200.4-17P) on the use of MNA, the USEPA (1999) defines
MNA as follows:

“The reliance on natural attenuation processes (within the context of a carefully controlled and
monitored site clean-up approach) to achieve site-specific remediation objectives within a time
frame that is reasonable compared to that offered by other more active methods. The ‘natural
attenuation processes’ that are at work in such a remediation approach include a variety of
physical, chemical, or biological processes that, under favorable conditions, act without human
intervention to reduce the mass, toxicity, mobility, volume, or concentration of contaminants in
soil or groundwater. These in situ processes include biodegradation; dispersion; dilution;
sorption; volatilization; radioactive decay; and chemical or biological stabilization,

transformation, or destruction of contaminants.”

The USEPA also states that “Sites where contaminant plumes are no longer increasing in extent,

or are shrinking, would be the most appropriate candidates for MNA remedies”.

Given these policy statements, this alternative will be developed around the following main

concepis:




OGDEN FEASIBILITY STUDY - Final
Union Pagcific Rallroad
CERCLA-8-99-12

September 27, 2004

6.2.1.1

6.2.2

¢ MNA is an appropriate remediation method where its use will be protective and it will be
capable of achieving site-specific RAOs within a timeframe that is reasonable compared

to other alternatives.’

¢ Concentration vs. time and concentration vs. distance data should indicate that the plumes
are stable or shrinking.

¢ Adequate performance and contingency remedies, if needed, should be utilized until

remediation objectives have been achieved.

Natural Attenuation Processes at the Site

Appendix E presents a revised analysis of natural attenuation processes at the site. Based on this
analysis, strong evidence for complete reductive dechlorination of chlorinated solvents (that is,
VC to ethene) exists for the north plume. Given that the geochemical environments in the north
and south plumes are likely very similar (that is, diesel LNAPL producing reducing conditions
favorable for reductive dechlorination), complete reductive dechlorination of VC in the south
plume is also likely. Other processes capable of attenuating the VC plumes include dilution due
to rainwater infiltration, dilution due to Weber River water that is lost to site groundwater in the

proximity of the river bank, and plume dispersion resulting from groundwater mixing.

Conceptual Design

The Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in
Groundwater (USEPA, 1998) was applied to this site to evaluate this alternative. Steps 1-7 of the

protocol are discussed in Appendix E. Step 8 (preparation of a long-term monitoring and

verification plan for the site} is discussed below.

Continued sampling would continue until remedial action objectives are achieved. The purpose
of this sampling would be used to identify any new releases that could impact efficacy of natural
attenuation, detect changes in environmental conditions that could reduce the efficacy of natural

attenuation process, and to demonstrate that:

¢ Natural attenuation is occurring according to expectations;

7 Section 7.1 compares the reasonableness in the time required for MNA to achieve the site RAQs 1o that of other alternatives. 6-3
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The plume is not expanding or significantly increasing in concentration;

Plume concentrations are below performance criteria at the downgradient point of

compliance (demonstrate and verify efficacy of ICs to protect potential receptors); and

Remediation objectives have been attained.

In the next five years (leading up to the first EPA five-year review), performance monitoring and

reporting will be conducted based on the following conceptual design. It is anticipated that the

performance verification monitoring plan may change over time based on sampling data.!

On a semi-annual basis (spring and fall), samples will be collected from 20 north and
south plume monitoring wells and analyzed for VOCs (Table 6-1 and Figures 6-1 and 6-
2). Water level gauging would be pérfonned at 50 wells to determine direction and
gradient of groundwater flow. The list of wells and sampling procedures is equivalent to
that approved in the Additional Sampling Work Plan {April 21, 2003) to Assess MNA.

On a semi-annual basis (spring and fall), a sample would be taken from the 21* Street
Pond along the discharge (south) side of the pond to confirm that VC levels in the pond

do not present a risk.

Every other year, samples would be collected during spring and fall from 9 north plume

monitoring wells and analyzed for geochemical parameters (Table 6-1).

Data would be analyzed for concentration vs. time and concentration vs. distance on an
annual basis. The data and the analysis would be presented to USEPA in an annual

report.

Once every 5 years, a summary report of data collected over the previous 5 years would
be submitted to USEPA. This report would also include an evaluation of an institutional

control plan for the site,

* For example, if VC is not detected at a particular well for several consecutive years, then additional sampling at that location may
not be warranted. Also. reduced sample reporting frequency may also be appropriate,
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6.2.3

6.3

6.3.1

Contingency remedies would be based on compliance of groundwater concentrations at 35-MW1
with the VC ACL (Appendix F). As demonstrated in Appendix F, VC levels could reach 9.6
mg/L at the plume edge and applicable surface water quality standards would not be exceeded.
Given that the highest VC concentration ever measured anywhere in the north plume is 3.1 mg/L,
it is unlikely that that plume would ever be a risk to the pond. If for unforeseen reasons plume

concentrations were to increase to the ACL, then:

* An investigation would be performed to determine whether a new release has occurred,

However, given the absence of a new release, plume levels should not increase.

+ If the release is due to rail yard activities, UPRR would provide a corrective action plan
to the agencies within 60 days of the exceedence.

Cost Estimate

As shown in Appendix H, the total cost to implement this alternative is $550,000.

ALTERNATIVE 3 — FOCUSED SOURCE REMOVAL WITH MNA

This alternative includes focused source removal combined with the continued monitored natural
attenuation from Alternative 2. Focused source removal relies on removal of industrial

wastewater sewer line contents (sludge and sediment) that is considered a possible source of
CVOC impacts to groundwater in the northem groundwater CVOC plume. Additional removal

activities include excavation and removal of sections of the main sewer trunk line composed of
vitrified clay, along with impacted soil and bedding material.

Concept

Sampling of industrial wastewater sewer line contents during the remedial investigation indicates
the presence of relatively high concentrations of CVOCs (19,000 ug/L 1,2-DCE, 5,400 ug/L 1,1-
DCA, and 1,900 ug/L 1,1,1-TCA). The magnitude of these concentrations suggest that residual
sludge in the sewer line may be acting as a source of CVOCs to runoff flowing into unplugged
storm water inlet drains along the western line. The industrial sewer pipeline network is shown in
Figure 6-3a. The main sewer trunk line is constructed of 10-inch diameter vitrified clay pipe

composed of 4-foot sectional lengths and, as a result of leakage, may be considered a potential
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6.3.2

on-going source of CVOCs to the groundwater. Inflow into the sewer line is occuming from
storm water running off into unplugged or existing drains from the old machine shop,
roundhouse, and the former transfer rail yard area (**38-WW7”} connected to the sewer line. Due
to the possibility that the sewer is acting as a potential source of contamination to the
groundwater in the northern CVOC plume area, the main sewer trunk line will be excavated and
removed while other sections will be plugged and sealed as part of the source reduction/removal
alternative. The maximum sewer line depth is about 6.5 feet below ground surface which is

above the typical depth to groundwater of 10 feet.

Based on experience at other railroad sites, drains, pits or sumps within the footprint of the old
machine shop may represent a second source of CVOCs to soil and groundwater. The existence
and exact location of drains, pits or sumps in the old machine shop was evaluated based on
historical records and historic facility drawings and maps. A focused investigation was
conducted in March 2004 to evaluate the potential existence of a subsurface source of chiorinated
volatile organic compounds beneath these targeted potential release points. The results of this
investigation are discussed in Appendix C. Based on the results as described, no additional

source removal is considered for this area at this time,

EPA states in its technical directive on MNA that it “expects that source control measures will be
evaluated for all contaminated sites and that source control measures will be taken at most sites
where practicable.” Removal of the sewer pipe sludge in Alternatives 3 is a source removal
option that removes or immobilizes to the extent practicable a potentially significant source. The
occurrence of and long-term potential for MNA in the northem area plume, where the siudge-
containing sewer lines and old machine shop are located is evaluated in Appendix E. This
analysis indicated that MNA is occurring and that the northem groundwater plume may have
reached steady state. Furthermore, that analysis of source control measures described in
Appendix B suggests that removal of source material such as the sewer line sjudge containing
CVOCs may achieve long-term benefits, particularly in situations where the location and mass of

matenal impacted with relatively high concentrations of CVOCs can be accurately defined.

Sewer Pipe Cleaning Process

A video survey of the line was attempted in December 2003 to determine the present condition of

the line and a rough estimate of the volume of sludge present. Because of the narrow diameters
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of the various lines, presence of sludge, and presence of water, only 179 feet of the originaliy
planned 1,613 feet could be inspected. The limited survey did provide information on the type of
sewer pipe and degree of buildup in the vicinities of the manholes used to insert the camera. The
type of pipe is shown on Figure 6-3a. In sunuﬁary:

¢ The NNW trending trunk line extending NNW from manhole 38-WW4 to 34-WW1
consists of a 2,270 foot length of 4-foot section vitrified clay pipe (VCF), 10-inches in
diameter. An additional 180-foot run extends eastward from 38-WW4 for a total VCP
length of 2,450 feet. Observed buildup of sediment and sludge ranges from three to four

inches.?

¢ The line running west and north of 38-WW6 consists of polyvinyl chloride (PVC} pipe 6-
inches in diameter. For the purposes -of estimating costs, all tributary lines upstream of
the 38-WW6 location are assumed to be of the same material. The total estimated length
of plastic 6-inch pipe is 1,290 feet. Observed buildup of sediment and sludge ranges
from 1 to 2 inches.

¢ The line running west of 38-WW83 to the trunk line and south from 38-WW§ consist§ of
10-inch diameter cast iron or steel pipe (13-foot sections). For the purposes of estimating
costs, all tributary lines upstream of the 38-WW8 location are assumed to be of the same
material. The total estimated length of 10-inch cast iron or steel pipe is 1,020 feet.

Figure 6-3b provides a map of industrial sewer line locations to be addressed. The sewer line
remedy will consist of two portions: (1) sludge cleaning and in-place abandonment of the cast
iron/steel and PVC tributary lines and (2) sludge cleaning and removal of the 2,450 foot length of
trunk line composed of 10-inch diameter VCP. If it is determined during final design that the
sludge in the VCP line can be cost-effectively excavated with the pipe, then the cleaning step will
be skipped.

The depth to the bottom invert of the 10-inch VCP sewer line is approximately 6.5 feet below
ground surface. The VCP line consists of 4-foot sections of pipe. The trend of this line is

consistent with the elongated trend of the northen CVOC plume, which indicates it may have

* AL the 34.WW1 manhole, the line heads due west under the tracks to the former wastewaler treatment plant, Because of the
overlying rail tracks, this E-W section of sewer line will be cleaned and abandoned in place.
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ieaked over time, Liquid in the VCP line will be drained to the concrete lagoon in AOI-34 and
then the 2,450 foot length of trunk line composed of 10-inch diameter VCP will be excavated and
removed. The ends (at 34-WW1 and 180 feet east of 33-WW4) and junctions of plastic and iron
tributary lines remaining in place would be sealed with grout to the extent possible. After
removal of sections of VCP sewer line, contaminated soil (identified as being visually
contaminated or exceeding a predetermined level as measured by a photo ionization detector) will
be removed down to the water table, Confirmation samples will be collected from the bottom of

the excavation at the rate of 1 sample per 200 feet of line.

It is assumed that the tributary sewer lines composed of plastic and iron are of good integrity and
shludge can be flushed and cleaned. As part of this alternative, the following remedial procedures
will be implemented for the tributary lines:

o Sludge Removal: Residual sludge in the 6-inch plastic and 10-inch iron sewers will be
removed from the lines at manhole locations and/or additional locations that will be

excavated to facilitate the removal. Sludge will be removed from the lines using a

combination sewer cleaning system, which utilizes a vacuum pressure on one end and a
high pressure water line on the other. The estimated volume of siudge in these lines is
10.5 CY. (The estimated maximum volume based on all runs (Figure 6-3b) of the 10

diameter cast iron sewer and 6-inch diameter plastic sewer being full is 30 cy.)

+ Shudge analysis: A toxicity characteristics leaching procedure (“TCLP") analysis will be
performed on sludge samples collected from the waste sludge removed from sewer lines.
One sample for every 5 cubic yards of materiali will be collected and considered

representative of the total volume of waste material.

* Sludge disposal: Sludge waste will be disposed of at an appropriate landfill depending on
the results of the TCLP analysis. Hazardous materials will be disposed of at Clean
Harbor’s Grassy Mountain facility. Non hazardous material wiil be transported to the
nearest Subtitie D or C landfill. For the purpose of developing feasibility level cost

estimates, it is assumed that all sludge material in the lines is hazardous.

» Sealing and abandonment: Subsequent to cleaning, another video survey will be

conducted to assure that the lines are clean. Once waste sludge has been removed, the end
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6.3.3

6.4

6.4.1

of the lines will be plugged with bentonite chips and sealed with cement at manhole
junctions and/or other locations to prevent future infiltration of surface water.

Cost Estimate

As shown in Appendix H, the total cost to implement this alternative is $950,000 (sewer
remediation and MNA). This estimate will slightly vary depending on the relative proportion of
hazardous and non-hazardous sludge removed. Also, it is assumes that all excavated soil is non-

hazardous. Soil disposal as a hazardous material would substantially add to the project cost.

It is assumed that the bottom of the pipe was, on average, 4 feet below ground surface and highly
impacted soil up to 2 feet below the sewer line would be excavated. The total excavated soil
volume would be 2,178 bulk cubic yards of which 1,452 bulk cubic yards would be transported to
an off-site landfiil for disposal as a non-hazardous industrial waste. Clean overburden (1,452
bulk cubic yards) would be used as trench backfill. The total estimated cost to complete the

sewer line excavation and sludge removal would be $400,000.

ALTERNATIVE 4 — AGGRESSIVE SOURCE AREA REMEDIATION WITH MNA

This alternative adds a more aggressive source area remedial approach (air sparging) to
Alternative 3. By adding a more aggressive source remedial approach it is possible that overall

remediation times might be reduced, compared to monitored naturat attenuation alone.

Concept

In situ air sparging (“LAS™) involves injection of pressurized air into the groundwater through
sparging wells. Air injected below the water table volatilizes contaminants that are dissolved in
groundwater, exist as a separate phase, and/or sorbed onte saturated soil particles. In addition to
the air stripping process, air sparging also promotes biodegradation by increasing oxygen
concentrations in the subsurface, stimulating aerobic biodegradation in the saturated and

unsaturated zones.

Vinyl chloride, the primary constituent of concern in groundwater, is a volatile compound that is
readily biodegradable under the aerobic conditions produced by IAS. IAS would also strip the
volatile parent compounds (PCE, TCE, and 1,1,1-TCA) from the groundwater into the vadose
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6.4.1.1

zone. The more heavily chlorinated parent compounds are generally considered to be recalcitrant
in acrobic conditions. However, co-metabolic biodegradation processes may degrade these

chemicals as well.

Diesel LNAPL was measured in some areas where high CVOC concentrations were also
detected. Petroleum hydrocarbons, including components of diesel LNAPL, are biodegradable
under aerobic conditions. However, oxygen concentrations in an area of hydrocarbon
contamination are often low, resulting in a low rate of contaminant biodegradation. IAS supplies
the needed oxygen to maintain the aerobic conditions needed to promote hydrocarbon
biodegradation. Limited stripping and biodegradation of the LNAPL would contribute to LNAPL

removal.

Subsurface soils must be amenable to transporting injected air from the well throughout the
subsurface, and soils which have a higher permeability are better able to transport air through the
saturated zone. Soil types, such as the alluvial gravels found at the site, are suited to 1AS.
Therefore, air sparging the source zones could be an effective way of treating the CVOCs and

hydrocarbons present at the site.

This alternative consists of placing sparging wells into the areas where the highest concentrations
of CVOCs have been measured. Although the source of the vinyl chloride has not been found, it
is likely near the areas where groundwater concentrations are highest and where parent chemicals
have been detected. As IAS depletes the source area mass, VOC groundwater concentrations will
decrease. In theory, continued treatment would deplete the source and eventually reduce

groundwater to concentrations below site screening levels.

Biodegradation of Chiorinated Compounds in the Saturated Zone

Vinyl chloride is readily biodegraded under aerobic conditions. Under natural conditions, the rate
of aerobic degradation is limited by the lack of dissolved oxygen and the low rate of oxygen
transfer to the saturated zone. Injection of air into the saturated zone significantly enhances
oxygen transfer to groundwater and the rate of acrobic biodegradation. On other [AS projects,
increases of dissolved oxygen concentrations from less than 0.5 mg/L to more than 4 mg/L have

been observed.
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There is adequate evidence to indicate that anaerobic biodegradation of chlorinated solvents is
occurring. IAS would quickly change the geochemical conditions from anaerobic to aerobic
conditions, and reductive dechlorination of the more heavily chlorinated compounds to 1,1-DCA,
I,2-DCE, and vinyl chlonde would end. This could lead to increased concentrations of PCE,
TCE, 1,1,1-TCA, and 1,1-DCE in the short term if other processes, such as volatilization or co-
metabolic biodegradation, are not capable of removing these compounds at a rate faster than the

anaerobic processes."

6.4.1.2 Biodegradation of Vinyl Chioride in the Vadose Zone

The COCs present in the subsurface will partition into the injected air at some rate determined
primarily by the chemical’s Henry’s constant, the rate of air injection, and subsurface geology.
Given that the COCs are volatile, partitioning into the injected air could be substantial. The
diesel LNAPL at the site has likely driven oxygen concentrations in the vadose zone to low
levels, which impairs aerobic biodegradation of vinyl chloride. (Typical oxygen concentrations in
. an area of residual hydrocarbon contamination are lower than 5 percent, compared to atmospheric
concentrations of 21 percent). IAS supjalies the needed oxygen to the vadose zone and promotes
vinyl chloride degradation in the vadose zone. In tests at other sites similar to this one, typical
IAS air injection rates are sufficient to maintain aerobic conditions in the vadose zone overlying

the IAS target area.

6.4.1.3 Displacement of CVOCs

IAS induced volatilization wil! likely be the major process by which the dissolved CVOCs are
removed. CVOCs transported into the vadose zone may continue to migrate vertically to the
surface or may travel horizontally along a preferential pathway, such as a conduit. CVOCs that
are released to the land surface would be diluted in the atmosphere and degraded by photo
oxidization. However, CVOC vapor that is transported into the vadose zone near buildings or
conduits could place building occupants at an elevated risk. To prevent exposure to CVOC

vapors, a combination of IAS and soil vapor extraction (“SVE") would be performed.

I 1% As shown in Figure 5-5 of the Rl Report, PCE and TCE are transformed via anaerobic biodegradation to 1,2-DCE and vinyl
chioride. Through hydrolysis, 1,1,1-TCA is transformed to 1,1-DCE, which can then be reductively dechlorinated to vinyl chioride.
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6.4.2

6.4.2.1

Conceptual Design

Figures 6-4 and 6-5 show the general areas where source zone sparging would occur in the noith

and south plumes respectively. Sparging would occur in three areas.

¢ In the north plume, in a 9 acre area east of the railroad tracks between 22a-MW1 and 38-
MWI12.

¢ In the north plume, in a 3 acre area between the railroad tracks and the former lagoons in
AOI-34.

¢ In the south plume, in a 6.5 acre area northeast of 21-MW2.
The conceptual design of the IAS system considered the following key components
e Well design and saturated thickness.
o Well spacing.
¢ Above-ground process components.

For the purpose of the FS, a modular approach was assumed. Please note that this conceptual
design was prepared for the purposes of developing “order of magnitude” cost estimates,
appropriate for comparing the relative costs of altenatives. In the event that this altemative
would be selected for implementation, the design would need to be refined and revised as

appropriate,

Northern Plume Source Sparging

WELL DESIGN AND SATURATED THICKNESS

1

INJECTION

The depth of the air injection well screen is a critical design parameter in air sparging. The

selection of the screened interval is based on several considerations.
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e Ideally, the top of the injection well screen should be placed at least as deep as the

vertical extent of contaminated groundwater.

¢ The radius of influence of a sparging well is a partial function of the saturated thickness
above the well screen. Up to a point, greater saturated thickness above the well screen

tends to result in a greater radius of influence.

+ The thickness of the water column that will have to be displaced during air sparging (to

create air-fitled flow paths) is a primary factor in blower sizing.

The screened interval was selected based on a review of site stratigraphy, contaminant
distribution, and hydrogeology. The water table is encountered 5-12 feet below grade, in an area
composed of alluvial channel deposits that consist of sandy gravel. Underlying the gravel unit is
thick clay believed to represent the upper part of the Alpine Clay Formation. Based on the data
for key wells in the treatment areas, the depth to clay in the two north plume treatment areas is
14-25 feet below grade. Borings taken across a cross-section in AQI-22a indicated that the depth

to clay in this area is approximately 20 feet below grade.

A shallow/deep well patr is present in both the eastern and western treatment areas. Groundwater
from these wells is impacted, indicating that chlorinated solvents are present throughout the
saturated zone. Therefore, t0 maximize treatment effectiveness, sparging wells should be
installed to the clay/gravel interface. Given the estimated range of depths to clay at wells located
in northern plume treatment areas and the borings in AQI-22a, the FS cost estimate assumes that
sparging wells will be installed an average of 20 feet below grade.

The thickness of the saturated zone above the injection point was assessed through review of
water level monitoring data for wells in the treatment areas, Over the site, the average saturated
thickness fluctuated from 7-15 feet. Groundwater levels at specific wells fluctuated as much as 3
feet from the average thickness. A conceptual cross-section for this design is shown in Figure 6-
6.
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EXTRACTION

Given the shallow water table of the north and south plumes, horizontal wells would provide
better vapor recovery than vertical wells. It is assumed that SVE extraction wells would be
installed to an average depth of 4 feet bgs. Gravel would then be backfilled over the horizontal

wells, and a geomembrane would cover the backfill.

WELL SPACING

INJECTION

The appropriate spacing for LAS wells is best determined through pilot testing. For the purposes
of the FS, it is necessary to develop a reasonable estimate of potential well spacing to generate a

useable cost estimate for cost comparison with other feasibility study altematives.

The spacing of the sparging wells is mainly dependent upon the “radius of influence” (the zone in

which there is a sufficient frequency of air-filled flow paths) around each sparging well. The
radius of influence is best determined through pilot testing. The zone of influence can
simplistically be viewed as being a “cone” with dimensions governed by the depth of injection
and the angle at which air will move away from the well as it rises through groundwater. The
angle of distribution typically ranges between 15 degrees for coarse gravels and 60 degrees for
silky-sands (Nyer and Suthersan, 1993). For the purpose of the FS, it was assumed that the angle
distribution would be 45 degrees; therefore, the radius of influence and the well screen depth are

related in a 1:1 proportion.

Sparging in a pulsed mode (“on/off” manner) increases the effective radius of influence relative
to what it would be if sparging were continuous (Boersma et. al, 1994). 1AS causes flow paths
which are initially water-filled to become air-filled. The resulting displacement results in
groundwater flow away from the well (where the frequency of air-filled flow paths is greatest)
and after initiation of air flow, and back toward the well after termination of air flow. The back
and forth groundwater flow tends to increase the effective radius of sparging influence. It is

assumed that pulsed operations would double the radius of influence.
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Based on these assumptions and a radius of influence of 10.5 feet, the effective radius of
influence would be 21 feet and the distance between sparging wells would therefore be 42 feet.
Thus, based on a 21 foot effective radius of influence, a “5 x 5 pattermn of 25 sparging wells
placed on 42 foot centers are expected to provide adequate coverage for a 1-acre treatment area.
This spacing dimension is within typical ranges for IAS systems, but should be refined with
additional pilot testing, as appropriate. The plan view layout of such a 2 acre module is shown in

Figure 6-7.

EXTRACTION

The radius of influence of each horizontal extraction well would depend largely upon the type of
soil adjacent to the wells and the depth of each well. Given the shallow subsurface over much of
the site is comprised of relatively impermeable fill over channel gravels, significant horizontal
migration of vapors near the subswrface is possible and therefore the ROI of an extraction well
could be significant. For FS design purposes, it is assumed that the effective ROI of the
extraction wells is equivalent to that of the injection wells (21 feet). On the other hand, because
the extraction wells are shallower than the injection wells, the ROI of the extraction wells could
be smaller. The uncertainty in this assumption requires that, if selected, this alternative would

need a pilot study to finalize vapor extraction well spacing.

ABOVE-GROUND PROCESS COMPONENTS

Key conceptual design components are defined in Table 6-2. The most critical above ground
process component is the IAS blower, which provides adequate flow and pressure of air to the
sparging points. It is assumed that that only half of the wells in a module would be operated a
given point in time. Based on this assumption, 10 HP rotary vane blowers would be capable of
providing air at 125 cfin or § cfim for each of 25 injection wells. In order to move air out the
bottom of the well screen, the air pressure must be greater than the static pressure at the base of
the well screen and the pressure losses in the piping. Based on a maximum of 18 feet of saturated
thickness, an air pressure of at least 8 psi would be required to ensure that air is delivered to the
base of the sparging wells during high groundwater occwrrences. The rate of head loss in the
piping system would vary depending on the joints, elbows, and valves used, but a general

guideline for head loss is 0.5 psi/100 feet of pipe, which translates 10 a maximum of
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approximately 1.5 psi per module. Applying a safety factor of 1.3, blowers shouid be capable of

producing a pressure of 12 psi.

A pilot study would be needed to refine the design of any SVE system; however certain
assumptions were made about its design for the purpose of constructing the feasibility study. It is
assumed that each SVE system would be composed of a 20 hp motor capable of powering a
positive displacement blower and producing 10 inches of Hg vacuum at each extraction. Also, it
is assumed that the majority of vapors would be captured by extracting air at a rate at least twice
the rate of injection, or 10 scfm per injection well. With half of a module’s injection wells (25) in
operation at a given point in time, each SVE system would need to extract at a minimum of 250

scfm of air.

Each IAS blower and SVE system would be electrically powered and housed in a building (see
Figure 6-7). FEach system would be controlled on a single panel to reduce the cost of
instrumentation and control switches. Also inside each building would be in-line pressure gauges

and flow-meters, allowing monitoring of system performance.

IAS piping would be HDPE because of the significant heat generation from each blower; SVE
piping would be PVC. It was assumed that connection piping would be buried 2 foot deep to
prevent interruptions in site activity. Also, because some condensation may occur in pressurized
lines, burying the pipe would help insulate and protect pipe walls. Each well’s connection piping

would have an in-line pressure gauge and flow-meter for monitoring systemn performance.

REMEDIATION TIME FRAME

Calculations for estimating the amount of treatment time required to achieve RAOs are presented
in Appendix J. Based on these calculations, sparging treatment could be completed in 3 years.
However, there is a good deal of uncertainty in the parameters used to develop this timeframe. A
3-year treatment time was assumed for the purpose of developing feasibility level cost estimates.
Because the effectiveness of this technology is unknown (especially so given that no pilot tests
have been completed for this site), it is feasible that the sparging time required to make
significant advancement toward achievernent of RAOs could be 10 years, with continued

monitoring after that time.
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6422

A significant factor contributing to the uncertainty in achieving groundwater restoration is the
“reverse diffusion” effect. Reverse diffusion is the slow release of aqueous phase COCs from any
strata (e.g., the low permeability alpine clay) that has been in long term contact with the COC
plume and/or DNAPL and which through the process of diffusion and somtion have become a
significant source of non-DNAPL. source mass. This is a topic that has seen attention in literature
(Sudicky et al., 1985; Parker et al., 1993; Parker et al., 1997). The implications of non-DNAPL
source mass are large because COC removal from non-DNAPL sources may become diffusion
fimited, rather than treatment limited.

South Plume Source Sparging

Sparging of the south plume source areas would be performed in a manner very similar to the
north plume in terms of basic system components. The following discussion focuses on the

differences.

The system is described in Table 6-3, and the system layout is shown in Figure 6-9. Key
attributes to the south plume IAS system which are different from the north plume system are:

¢ The south plume treatment area module is capable of treating approximately 4 acres. 1.5-

4 acre modules are anticipated as sufficient for treating these source areas.

e Based on the estimated saturated thickness of wells in the treatment area, the average
ROI was assumed to be 15 feet and the effective ROI was assumed to be 30 feet (Figure

6-3). Based on these assumptions, it was assumed that sparging wells would be placed in
a*5 x 5" pattern on 60 feet centers (Figure 6-9).

¢ The maximum saturated thickness of injection wells in the treatment area was estimated
to be 21 feet. Based on this saturated thickness, an air pressure of approximately 9 psi
would be required to push water out the base of the sparging well. Maximum head losses
are estimate to be 2 psi. Applying a safety factor of 1.3, a blower pressure of 14 psi

would be sufficient for each module.

¢ Given that the north plume generally has higher CVOC concentrations than the south
plume, it is conservatively assumed that the remediation time for the south plume is

equivalent to that of the north plume.
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6.4.3

e It has been established that natural attenuation processes at the site have significantly
limited migration of aqueous phase COCs. Key natural attenuation processes are
believed to be reductive dechlorination of parent VOCs (e.g. TCE) in the heart of the
plume, resuiting in the production of vinyl chloride which is further dechlorinated to
innocuous byproducts via anaerobic and/or acrobic biodegradation at the plume edge.
Since air sparging in the heart of the plume will raise the oxidation-reduction potential of
the source area, it is reasonable to assume that anaerobic natural attenuation processes in
the heart of the plume may be adversely impacied by air sparging. Furthermore, given
the potential for DNAPL pockets in the subsurface and/or reverse diffusion of VOCs
from the clay layer to the groundwater, the effectiveness of air sparging on limiting
plume migration is uncertain. Given these considerations, and the uncertainty in VOC
removal rates that will be achieved with air sparging, there is also uncertainty as to

whether or not air sparging will increase or decrease actual COC migration.

Cost Estimate

North and south plume costs estimates were created by developing an estimate for a module of
the total system and then up scaling the modular cost over the whole treatment area. Based on

this approach, the following modular costs were developed.
* A 2-acre module for the north plume is estimated to cost $390,000 (Appendix H).
¢ A 4-acre module for the south plume is estimated to cost $420,000 (Appendix H).

e For each module (independent of aerial extent), assuming 5 years of operations and a 7
percent interest rate, the present worth cost of operation and maintenance costs is
estimated to be $240,000 (Appendix H).

Capital expenditures and operation and maintenance costs for the north and south plume sparging
systems are summarized in Appendix H. A scaling factor was applied to “up-scaling” these
modular systems because sparging on a large scale results may result in certain cost efficiencies
(for example, bulk purchasing). The following costs reflect the potential for these cost

efficiencies,
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6.5

6.5.1

o North plume capital and operation and maintenance costs are estimated to be $1.85

million.

¢ South plume capital costs and operation and maintenance costs are estimated to be
$842,000.

Based on the above, the total cost of this alternative (including IAS and MNA activities) is
anticipated to be $3.31 million.

Please note that cost estimates were prepared solely for the purposes of comparing relative costs
of various corrective action alternatives, and should not be used for budgetary purposes. IAS
costs are particularly dependent on the spacing and configuration of the injection and extraction
wells, parameters which are best determined through pilot testing.

ALTERNATIVE 5 — PERIMETER GROUNDWATER TREATMENT

This alternative adds a more aggressive site boundary remedial approach (air sparging wall) to the
monitored natural attenuation alternative described in Section 6.3. By adding an even more

aggressive site boundary remedial approach, the potential for CVOCs to impact nearby surface
water in the Weber River might be reduced.

Concept

Several north plume monitoring wells located within 200 feet of the Weber River have detected
vinyl chloride in groundwater, with concentrations ranging up to 86 ug/L. Additionally, the down
gradient end of the plume extends toward the 21* Street Pond, a regional groundwater sink. The
concern for potential plume migration into either water body exists, though vinyl chloride has not
been detected in either the Weber River or the 21 Street Pond and the plume has likely reached
its steady state extent. This alternative consists of installation of an IAS sparging wall along the
edges and down gradient extent of the plume 10 contain the plume to the rail yard and prevent it
from impacting receptors. An IAS sparging wall was selected as a representative barrier
technology to determine if this type of approach provided any practical benefit at the site. This
assumes that the general evaluation of an IAS sparging wall is essentially the same as for other
barrier technologies relative to concept and effectiveness. If this representative approach is

chosen, further optimization of the treatment approach would be included later. Evaluation of an
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[AS wall in this FS aiso allows a consistent application of air-based technologies for aggressive

source remediation and plume containment, simplifying the overall technology discussion.

Similar to the air sparging source treatment alternative, this alternative consists of installation of
IAS systems to volatilize vinyl chloride and stimulate aerobic biodegradation in the saturated and

unsaturated zones. To contain the plume, sparging wells would be placed in two locations
(Figure 6-10).

s Along a 1050 ft. stretch roughly parallel to the Weber River and groundwater flow,
approximately located between 34-MW8 and 34-OB-16.

o Along a 350 ft. length perpendicular to the direction of groundwater flow, approximately
located between 34-0B-16 and 34-OB-12.

Geoprobe boring logs and monitoring well completion diagrams near the proposed walls were

examined to determine if the subsurface geology is appropriate for an air sparging wall." The

groundwater bearing zone along the treatment wall is generally composed of permeable gravels
and sands. Underlying the gravels and sands is the Alpine clay, which is estimated to be 12-20 ft.

bgs. The soils above the clay layer should be amenable to transporting injected air from the well.

Walls would treat vinyl chloride in three basic ways.

¢ Aercobic biodegradation in the saturated zone. Though groundwater lost from the
Weber River provides an influx of aerobic water, the oxygen flux is likely not large
enough to satisfy oxygen demand far beyond the river’s eastern edge.” Injection of air
into the saturated zone would enhance oxygen transfer to groundwater and the rate of

aerobic biodegradation in the saturated zone near the injection points.

» Biodegradation of Vinyl Chloride in the Unsaturated Zone, Vinyl chloride that

partitions into injected air and oxygen that is not consumed in the saturated zone will be

1 See well completion diagrams or boring logs for 34-MW2, 34-MWS, 34.MWO, 34-B7, 34-B30, 34-B31, 34-B32, 34-B69, 34-B70,
34-B72, and 34-B73.

2 Groundwater samples collected in monitoring wells nearest to the Weber River (for example, 34-MWS) consistently detected low
concentrations of dissolved oxygen and elevated levels of dissolved iron.
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6.5.2

transported to the vadose zone, where vinyl chloride would continue to be aerobically
biodegraded.

¢ Volatilization. IAS induced volatilization will likely be the major process by which vinyl
chioride is removed. Given the relatively low levels of vinyl chloride that exist in
groundwater along the sparging wall, the mass flux of CVOCs to the surface is
anticipated to be small. As CVOCs are transported into the vadose zone, some may
continue to migrate vertically to the surface where they would be diluted in the
atmosphere and degraded by photo oxidization. Near the area where the sparging wall
has been proposed, there are no known conduits or buildings where CVOCs could
possibly pose a risk to rail yard workers. Based on these facts, it is assumed that an SVE

system to collect CVOC vapors is not required for this alternative.

Conceptual Design

The process of conceptually designing an TAS wall is similar to that for applying IAS to source
treatment. This section focuses on the main differences or additional factors in designing the IAS

sparging wall.

Please note that this conceptual design was prepared for the purposes of developing “order of
magnitude” cost estimates, appropriate for comparing the relative costs of alternatives. Should
this alternative be selected for implementation, the design would need to be refined and revised as
appropriate.

WELL DESIGN AND SATURATED THICKNESS

Along the proposed wall, the water table is encountered at 6-10 ft. bgs in a layer of alluvial sands
and gravels. Under this layer is the Alpine Clay formation that is believed to underlie the whole
site. The depth to clay is estimated to be 12-19 fi. below grade.

Shallow/deep well pairs in other areas of the north plume show that groundwater is impacted
throughout the gravel layer. Based on samples from these wells, it is assumed that all shallow

groundwater at the plume edges is also impacted. Sparging wells would therefore be screened at
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the top of the clay layer. For the purpose of developing a conceptual design of this alternative,
the average depth to clay was assumed to be 17 ft.

Water level data from seven monitoring wells located near the proposed location of the sparging
wall were examined to estimate saturated thickness. The average saturated zone thickness is
estitnated to range from 6-11 feet, and water levels generally fluctuated within 2 feet of the
average. Based on this analysis, an average saturated thickness of 8 fi. was assumed in the

conceptual design.

WELL SPACING

The appropriate spacing for IAS wells is best determined through pilot testing. For the purposes
of the FS, well spacing was estimated to generate a useable cost estimate for cost companson

with other feasibility study alternatives.

Conceptually, the shape of the area treated by a sparging well is that of an inverted cone that

extends from the bottom of the sparging well to the water table (Figure 6-11). To effectively treat
all groundwater that passes between two sparging wells, wells must be spaced at half their
effective radius of influence. Otherwise, half of the water passing between the wells is essentially

unireated.

To ensure that the majority of groundwater passing through the wall would be treated, it was
assumed the piping and well configuration would consist of two rows of wells. The first row’s
wells would be placed on 32 fi. centers along a manifold pipe.® The second line of wells would
also be placed at 32 ft. centers, but wells would be placed at the midpoint between first row wells
and offset 16 fi. This configuration also provides a degree of reliability over a configuration
where all the wells are placed in series along a single manifold pipe (that is, if the only manifold
pipe was damaged, sparging performance in all wells would be affected). Layout of one segment

of the treatment walls is shown in Figure 6-12.

' Assuming that the radius of influence and the average saturated thickness are related in a 1:1 relationship, the radius of influence
is assumed to be B ft. Assuming that pulsed operation effectively doubles the radius of influence, wells along one line would be
placed on 32 ft. centers. This is within typical ranges for IAS systems, but should be refined with pilot testing if this alternative is
selected.

6-22



OGDEN FEASIBILITY STUDY - Final
Union Pacific Railroad
CERCLA-8-99-12

September 27, 2004

6.5.3

For the purpose of developing a feasibility study cost estimate, it was assumed that the treatment
wall would be composed of four segments and that each segment would be capable of treating
310 ft. or more of length, It was assumed that three segments would be composed of 21 wells,
and that one segment would be composed of 22 wells.

ABOVE-GROUND PROCESS COMPONENTS

Key design parameters for the IAS wall are provided in Table 6-4. 10 HP blowers would be
capable of providing air at 110 cfin or a minimum of 5 cfm for each of the wells. Based on a
maximum of 12 feet of saturated thickness, an air pressure of at least 5 psi would be required to
ensure that air is delivered to the base of the sparging wells during high groundwater occurrences.
The rate of head loss in the piping system would vary depending on the joints, elbows, and vaives
used, but using a general guideline for head loss of 0.5 psi/100 feet of pipe, a maximum of
approximately 1.5 psi per segment. Applying a safety factor of 1.3, blowers should be capable of

producing a pressure of 9 psi.

Each biower would be electrically powered and housed in a building. For the purpose of this
design, it was assumed that in most cases one blower could be housed in each building (see
Figure 6-12). Blowers would run confhlually and would be alternated between wall segments,
such that each blower would be connected to one 350° wall segment at a time. Each blower

would be controlled on a panel in its respective building. Also, inside each building would be in-
line pressure gauges and flow-meters.

Piping would be stainless steel because of the significant heat generation from each blower. It
was assumed that connection piping would be buried 1 foot deep to prevent interruptions in site
activity and to help insulate and protect pipe walls. Each well’s connection piping would have an

in-line pressure gauge and flow-meter for monitoring system performance.

Cost Estimate

A cost estimate was developed for the two treatment walls based on the conceptual layout

described above.

s Capital costs for the treatment walls are estimated to be $790,000. {Appendix H).

6-23



OGDEN FEASIBILITY STUDY - Final
Union Pacific Railroad
CERCLA-8-99-12

September 27, 2004

6.6

6.6.1

6.6.2

* Assuming 30 years of operations and a 7 percent interest rate, the present worth cost of

operation and maintenance costs is estimated to be $1.02 million. (Appendix H).

Based on the above, the present value of installing an air sparging barrier wall for the north

plume, including costs for MNA activities, is estimated to be $2.36 mullion.

Please note that cost estimates were prepared solely for the purpose of comparing relative costs of
various corrective action alternatives, and should not be used for budgetary purposes. IAS costs
are particularly dependent on the spacing and configuration of the injection wells, parameters
which are best determined through pilot testing.

ALTERNATIVE 6 — AGGRESSIVE SOURCE AREA REMEDIATION AND ACTIVE GROUNDWATER

REMEDIATION

This alternative adds an even more aggressive source area remedial approach (plume-wide air
sparging) to the monitored natural attenuation alternative and focused source area treatment
described in Section 6.4. By adding an even more aggressive plume-wide remedial approach, it
was believed that overall remediation times might be reduced even further, compared to

monitored natural attenuation and focused source area treatment.

Concept

This alternative is similar to Alternative 4, but consists of placing sparging wells into the areas
where dissolved concentrations CVOCs have been measured above the risk-based screening
levels for CVOCs, as opposed to high-concentration source areas only. As LAS depletes the
dissolved plume mass, VOC groundwater concentrations will decrease, In theory, continued
treatment would remediate the groundwater to concentrations below site screening levels. The
overall goal of this alternative would be to treat the dissolved plume area above risk-based

screening levels.

Conceptual Design

Figures 6-13 and 6-14 show the areas where source zone sparging would occur in the north and

south plumes respectively. Sparging would occur in two areas.
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6.6.2.1

» In the north plurne, over a 50 acre area.
¢ In the south plume, over a 24 acre area.
The conceptual design of the IAS system considered the fellowing key components.
¢ Well design and saturated thickness.
e Well spacing.
* Above-ground process components.

For the purpose of the FS, a modular approach was assumed. Please note that this conceptual
design was prepared for the purposes of developing “order of magnitude” cost estimates,
appropriate for comparing the relative costs of alternatives. In the event that this alternative
would be selected for implementation, the design would need to be refined and revised as
appropriate.

Like alternative 4, there is substantial uncertainty to the amount of time required for this
altemative to achieve RAOs. It is likely that that the areas with highest groundwater
concentrations will require the longest treatment times; therefore, it is assumed that the total
operational time for this alternative is similar to Alternative 4. Given the large degree of
uncertainty, it is possible that aggressive IAS could be performed for 10 years with continued
monitoring after that time. Furthermore, as discussed previously, the reverse diffusion
phenomenon adds considerable uncertainty to the time required to achieve groundwater

restoration.

Northern Plume Sparging
Sparging of the north plume source areas would be performed in a manner very similar to the

sparging north “source” area in terms of basic system components (Section 6.4.2.1).

The system is described in Table 6-2, and the system layout is shown on Figure 6-13. The north
dissolved plume treatment area module is capable of treating approximately 2 acres. Twenty-five

2-acre modules are anticipated as sufficient for treating the dissolved plume area.
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6.6.2.2 South Plume Sparging

6.6.3

Sparging of the south plume source areas would be performed in a manner very similar to the

south source area in terms of basic systern components (Section 6.4.2.2).

The system is described in Table 6-3, and the system layout is shown in Figure 6-14. The south
plume treatment area module is capable of treating approximately 4 acres. Six 4-acre modules

are anticipated as sufficient for treating the dissolved plume area.

Cost Estimate

North and south entire-dissolved plume cost estimates were created by developing an estimate for
a module of the total system and then up scaling the modular cost over the whole treatment area.

Based on this approach, the following modular costs were developed.
o Each 2-acre modules for the north plume are estimated to cost $390,000 (Appendix H).
e Each 4-acre modules for the south plume are estimated to cost $420,000 (Appendix H).

¢ For each module (independent of aerial extent), assuming 5 years of operations and a 7
percent interest rate, the present worth cost of operation and maintenance cosls is
estimated to be $240,000 (Appendix H).

Capital expenditures and operation and maintenance costs for the north and south entire dissolved
plume sparging systems are summarized in Appendix H. A scaling factor was applied to up-
scaling these modular systems because sparging on a large scale results may result in certain cost
efficiencies (for example, bulk purchasing). The following costs reflect the potential for these

cost efficiencies.

¢ North plume capital and operation and maintenance costs are estimated to be $4.3

million.

¢ South plume capital costs and operation and maintenance costs are estimated to be $1.9

million.
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Based on the above, the total cost of air sparging the north and south plume source areas,

including sampling and reporting, is anticipated be $6.9 million.

Please note that cost estimates were prepared solely for the purposes of comparing relative costs
of various corrective action alternatives, and should not be used for budgetary purposes. IAS
costs are particularly dependent on the spacing and configuration of the injection and extraction
wells, parameters which are best determined through pilot testing.
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7

71

71.1

DETAILED ANALYSIS OF ALTERNATIVES -~ RAIL YARD GROUNDWATER

OPERABLE UNIT

This section includes a detailed analysis of the Ogden Rail yard Groundwater altermatives to be
considered (Table 7-1). The detailed analysis is a multi-step process of evaluating alternatives to
allow comparison of the alternatives and to identify the key trade-offs among them. During the
detailed analysis, each altermative is assessed against the evaluation criteria described in the
Sections 4.1 through 4.3. The results of the detailed analysis, shown in Table 7-1 and discussed

below, provide relevant information needed to allow selection of the site remedy.

COMPARATIVE ANALYSIS

A detailed comparative analysis is shown in Table 7-1. Alternative 1 does not meet any of the
RAOs, and therefore is not discussed below. The main points of how alternatives compare to

each other are discussed below.

Ovaerall Protection of Human Health and the Environment

¢ Alternatives 2 through 6 all use ICs to prevent unacceptable exposure risk to current and
future human populations presented by direct contact, inhalation, and ingestion of

contaminated groundwater.

¢ Monitoring data and calculations indicate the CVOC plumes are not migrating or
expanding due to natural attenuation, and natural attenuation should be sufficient to
prevent future plume migration. Altematives 2 through 6 all include continued
monitoring to demonstrate that the plumes are not migrating. Alternative 5 provides a
sparging wall as additional protection against downgradient migration into the Weber
River and 21" Street Pond; this protection will not be necessary if the plume behaves as
expected.

¢ The Forrester Group is not aware of any site with extensive chlorinated solvent impacts
where groundwater restoration to MCLs has been achieved and documented. As such,

there is significant uncertainty as to the time required for each of the alternatives to
achieve MClLs.
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¢ Altemnatives 2 through 6 all treat and remove sources of ongoing groundwater
contaminant loading, but differ in degree of source removal. EPA states in its technical
directive on MNA that it “expects that source control measures will be evaluated for all
contaminated sites and that source control measures will be taken at most sites where
practicable.” Removal of the sewer pipe sludge in Alternatives 3 is a source removal
option that removes or immobilizes to the extent practicable a potentially significant
source. Aggressive source area treatment likely reduces the time required to achieve site
restoration of MCLs, but there is much uncertainty regarding the magnitude of the
reduction.

7.1.2 Compliance with ARARs

¢  Alternatives 2 through 6 would meet action specific and location specific ARARs by
design.

» As discussed in Appendix F, site conditions are appropriate for applying ACLs as the
chemical-specific ARARs for groundwater at this site. With Alternatives 2 through 6,
compliance with ACLs could be quickly demonstrated.

7.1.3 Long-Term Effectiveness and Permanence

¢ Residual risks would be eventually be reduced to below acceptable level (for example,
MCLs will eventually be achieved) with Altematives 2 through 6.

¢ In the long term, all the alternatives may require the same degree of monitoring.

e Altemmatives 2 through 6 all include monitoring to demonstrate compliance and
institutional controls to prevent groundwater exposure. 1AS has been proven to remove
CVQOCs. However, there is some data suggesting that free-phase chlorinated solvents
may exist at the site, but if it does exist it is likely in small pockets that would defy
practical delineation and remediation efforts. Reverse-diffusion from non-DNAPL
source mass may adds additional uncertainty to the remediation timeframe. Thus, there is
considerable uncertainty as to the timeframe that would be required to restore the

impacted zone to drinking water quality criteria.
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7.1.4 Reduction in Toxicity, Mobility, or Volume

e Alternatives 2 through 6 all reduce toxicity, mobility, and volume of contaminated

groundwater, but not to the same degree or level.

715 Short-Term Effectiveness

+ Based on its technical directive on MNA, EPA expects “MNA will be an appropriate
remediation method only where its use will be protective of human health and the

environment and it will be capable of achieving site-specific remediation objectives

within a timeframe that is reasonable compared to other alternatives” (emphasis

added). Alternatives 2 and 3 achieve all the remedial action objectives in a short time
period, with the exception of restoration of groundwater to beneficial uses (that is, to
drinking water quality criteria), which will likely take a very long period of time.
While altermatives requiring more intensive source removal and/or groundwater

remediation would likely reduce the period of time for the impacted groundwater

zone to be restored, the magnitude of the reduction cannot be predicted with any
certainty. Regardless of the timeframe, a considerable degree of protection of human
health and the environment is provided during that timeframe by monitoring and
institutional controls. The protection provided by these institutional controls should
be considered, along with other factors, in the determination of “reasonable

timeframe” for Alternative 2, 3, and 5 relative to Alternative 4.

7.1.6 Implementability

* Alternative 2 through 6 are all readily implementable.
7.1.7 Cost
¢ Natural attenuation alone (Alternative 2} is the least cost alternative.

¢ For an additional $390,000, a significant potential source of the north plume can be

removed and/or immobilized (Altenative 3).

+ If more upfront investment reduces the present worth cost, then the investment in

reducing timeframe is worthwhile. However, the uncertainty in the reduction in
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timeframe with aggressive treatment is uncertain, and therefore any reductio_n in present
worth cost is uncertain. The present worth value of aggressive treatment is more than 3
times that of focused source removal, indicating upfront investment is unlikely to lead to
savings. In fact the uncertainty in timeframe would almost certainly increase, not

decrease, the present worth value cost of aggressive treatment options.
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8 CONCLUSIONS AND RECOMMENDATIONS - RAIL YARD
GROUNDWATER OPERABLE UNIT

Based on the comparative analysis performed in Section 7.1, key remedy selection considerations

are as follows:

Natural attenuation processes at the site are very significant in limiting pilume migration,
providing complete dechlorination of chlorinated solvent constituents to innocuous
byproducts, and even in reducing plume extent (as data for the South VOC plume
suggests). The UPRR project team is unaware of a single site in the couniry where
natural attenuation processes are performing any better with respect to contro] of

chlorinated solvent plume migration. The site is an ideal candidate for a groundwater

remedial action approach that incorporates MNA as a key component.

Sludge in abandoned sewer lines appears to be a source of continued contaminant [oading
to the northern CVOC plume. Cleaning and/or grouting and capping of the sewer lines
coupled with removal of contaminated soil (to be identified) is a cost-effective source
control measure. The effectiveness of more intensive source control efforts is uncertain,
particularly if there are any small pockets of free-phase chlorinated solvents present (as

suggested by some of the data) and given the reverse diffusion phenomenon.

There is no clear advantage in the ability of aggressive remediation options to achieve the
RAOs compared to Altemative 3. All of the altemmatives (except the No Action
alternative) are capable of achieving all the RAOs in a short time period, except the RAO

of restoring the groundwater to beneficial uses (as technically practicable).

The timeframe for groundwater restoration with MNA is reasonable compared to
aggressive groundwater treatment. Aggressive source area treatment likely reduces the
time required to achieve site restoration, but there is much uncertainty regarding the

magnitude of the reduction.

The timeframe for groundwater restoration with MNA and focused removal is reasonable
compared to MNA with aggressive source removal. Spending a substantial amount more

for aggressive treatment is not appropriate given the ability of Alternative 3 to achieve all
8-1
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the other RAOs, and the uncertainty in the ability of aggressive removal options to

achieve meaningful source removal and shortened cleanup times.
In summary, the recommended alternative (Alternative 5) consists of the following:

¢ Institutional controls will be used to prevent future exposure to contaminated

groundwater.

¢ Monitored natural attenuation will be used to monitor the plume and ensure that the

plume is not migrating and that surface waters are protected.

¢ Focused source removal will be performed to remove a significant source of groundwater
contamination. Focused source removal will consist of cleaning, partial removal, and
capping the former industrial sewer lines that run over the northern plume. If the
integrity of the lines is not sufficient for cleaning, then the sections of the lines with
questionable integrity will be removed along with contaminated soil and bedding to the

extent practicable.
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Table 3-1

UPRR QOgden Rail Yard Feasablity Study
AQI-33 Monitoring Wells

. _Monitoring Well. - .

"DNAPL/Water Gauging’

(. GroundwaterAnalytical Methods >

33-MW1

33-MWI1FP

> =

33-MP2

33-Mw2

33-MW2FP

33-MP3

33-MW3

33-Mw4

33-MW4FP

33-MWs

33-MWS5FP

33-MWé

33-MWEFP

33-MW8

33-MW10FP

33-MWI12FP

o B B B B B e B B g B B P P

SVOCs (PAHs) SWB46 Method 8310;
VOCs SW846 Method 82608
(All wells)




Table 4-1
Detallad Analysis of Northern Area Alternatives
UPRR Ogden Rail Yard Feasibility Study

Evsluation Criteria Alternative 1 Alomative 2 Altarnathve 3 Adtgrmative 4 A ve 5
Interim Artions implermnantod FPond Sedi Ramedy with DHAPL Pond Sed R dy with lnterthie DRAPL Zona Pond Sedi it R ) with L iva DNAPL Zona
Description No Action to Date with Monitoring Recovery and tratitutional Controls Treatment and [nstitutions! Controts Tenat and Ingtitutional C k
1. Overall P L
“Protect human and ecological recepiors from exposure

o DMAPL contaminaled sadiments at the 21 st Strest
Ford.

Mo. Cusreny conditions do not pravent present of future exposure 1o
ecotogical receptors. Interim ac

and inslitulionak controls

N, Oment conditions do not prevent present or future exposure to

ctions and institutionat conirols

'Yet. Once cc is ar

3, fulurg 8 i% pr i

W

Yes. Once pond sediments are removed, fulure exposure is
preventad. However, it is difficult 1o ensure in wel excavation that al

Yes. Once pond sediments are removed, future exposure is

- Complete resloration of zones impacted by a DMAPL to drinking
water Criteria [e.9.. MCLs} has never been demonstrated.

water crilenia {6.g.. MCLs} has never been demonstrated.

waler criteria (@.9.. MCLs) has never been demonstrated.

|| prevented. However, it is difficult to ensure in wed excavation bt allf
|pravent human eposure. pfavent human BXPOASIE. DIMAFLimpacied sediments are removed. DNAPL-impacted sediments are refmoved.
Fravent unacceplable exposure risk ig current and hiure Ne. Unaccepiable exposure risks to cumrent human populations do  [ves. Unaccep p fisks 1o curend human populations do [Yes. Unacceplable exposura risks o cumment human populations do [Yes. Unaccepiable exposure risks to cumen] human populations do [Yes. Unacceptable sxposcure risks 1o curend human populations do
human populations presented by direcd contact, inhalation, not axist and future exposure is unlikely. Without continued not exist and fulure exposure is unllke!y With conlinued menitoring, [not exist and future exposure is unlikely. Enforceable institutional  |nol exist and future expasure is unlikely, En!oweable institutional  [nat exist and fulere exposure is unlikely. Enfomeable institutional
or ingestion of contami d ground monitaring. achisvament of this objeclive cannct be demonsiraled.  |this objective can be demonsiraled conirol prevents future exposure to impacied groundwater zones.  |conirol prevents future sxp to impactel zones.  fcontral prevens fulure exp ® to img d gr zanes.
Wilh continued monitaring, this objective can be demonsirated. With continved monitoring, this chjective cara be demonsirated Wilh continued manitering, this cbjective can be demonstrated.
-Prevend p future groundwater plume mige a5 Na. MO"'ﬂDﬂng data and caleutations indicate the plume is not Yas. Monitoning data and cafeulations indicale Ihe plume is not Yes. Moniloring data and calcutations indicate the plume is net Yes. Manitoring data and caleulations indicéte the plume is not Yes. M g Oa1a and calculations indicate the plume is not
necessary o protect current and potertiial beneficial uses g. H , withogut o g data, this objective cannal | migrating. This objective can ba eval 4 with mx g data. g. This cbjective can be evatuated with monitoding data. migrating. Attainment of this objective can bk evahrated with grating. This objective can be evaluated with monitoring data.
of groundwater in the vicinity of the sila, and 0 be protective  [be evaluaied monitoning dala. Some uncertainty esdsls rbgarumg polential
of surface walers and thelr designated uses. migraticn during remedial action (see *sart-lemm effectivenss™
| critarion). [
-Restore the groundwater io baneficial uses (as lechnically ;:;10 wL;th itoring daia, atiai t of this objective cannol bejNo. Compl jon of zones imp d by a DNAPL lo drinking|No. Complets restoration of zones impacted by 3 DNAPL fo drnking|No. Compleie resioralion of zanes impacied by a DNAPL to drinking[Mo. Complete restoration of zones impacied by a DNAPL to drinking
practicabie). uated,

walter criteria {€.g., MCLs) has never been c]emonslraled‘

wates criteria (e.9., MULS) has never been demonstrated.

-Treat, conlain, of ramove DNAPL (o preven] of minimize

Ro. DNAPL 15 not reated, contained, or removed.

Ha. DNAPL is not treated, contained, or removed.

Yes. Conlinuous phasa DNAPL is depleted and residual DNAPL &

1
Yes. Both continuous phase and residual CHAFL is parbally

Yas. Both e phase and | OMAPL is partially
further spread of the DNAPL. contained. removed. X romoved.
2. Compliance with ARARs ;
-Action specific ARARS Nome apply.

Will be designad to mes! aclion spacific ARARS.

-Chemical specific ARARs

Allhough ACLs may already be met, this cannot be demonstrated
without monitor

-Localion specific ARARS

3. Long-Term Effectiveness and Permanence

ACLSs will be met.

'Will be designad to mast action specific ARARS.

Will be dasigned to meel aclion specific ARARS.

ACLs will be met.

Will be designed 10 mesd action ARARS,

ACLs will be mel,

ACLs will be met.

Witl meet all location specific ARARS.

Will meet all lpcation specific ARARS.

Will meet all location specific ARARS.

Will meet all location specific ARARS.

Will meet all lotation fic ARARS.

nearterm is anticipaled,

5. Short-Term Effectivensss

-Magnitude of residual risk Reduction in residual risk cannol be verified wilhout maniloring. Groundwater beneath the site will not achieve drinking waler Groundwater beneath the site will not achieve drinking water G dwater b th (he site will not achieke drinking waler Groundwater beneaih the site will not achieve drinking water
qualily. quality. quality. qualily.
|Ecciogical risk to remains unchanged. Impacied sedimenls rematn in place, bt risk is mitigated by Risk of impacted sediments is reduced 10 atceptable levels by Risk of impacted sedi is reduced 10 ac ble levels by

bmme exposure pathway. excavalion and removal, excavalion and removal.

-Adequacy and refiability of controls Mo engineering or institutivnad controls for this altemative. {Monilading can d engineering ¢ Is are effecuve, (Cont of pond sedimenls uses slandard remedial action Moniloring can demonstrale engingering canlrols are efeclive. Monitoring can demonstrate engi g controls are effective.

Institlutional controfs are mfomeame approaches. Monilonng ¢an demonsirale engineenng conlrols are | Ingtitutional controls are enforceatile. | Inslituticnal controks are enforceable.
|effective. Institulionat condrols are enforceable.
4. Reduction in Toxicity, Mobllity, or Volume |Reduction in taxidly, mobility, or volume cannot be demonsirated.  |Toxicity, volume, and mabitity of DNAPL is gradually reduced by [Mobility and volume are reduced by DMAPL recavery. Moability and velume are reduced by aggressive DNAPL zone Mobiity and volume are reduced by tion of pond sediment
nalural attenualion processes, bul no sigrificant change over the ireat; - Toxicity reduction afler aclive DNAPL recovery cannal  |and DNAPL recovery.

be estimaled with any certainty.

-Time to achieve remedial aclion objeclives

Time Lo achieve objeclives cannol be demonstrated.

Mast cbjectives can be med in a redatively short time frame.,
Restaring the impacted groundwaler zone 1o polenilial b ial usz

’

Maost objectives can be mei in a relatively short ime frame.,

(potabie water supply) is considerad tachnically impracticatde and

Resionng tha imp d gro zane to pol

i

atlainment of MCLs will not be achiaved in the foreseeable fulure.

{patable water supply) is considered technically impracticable and
altainment of MCLS will not be achieved in the foreseeable fulure.

tial beneficial use|

Most chjectives can be metin a retatively shior time rame.

(potable water supply) is considered technicaily impraclicabie.

Restoring the impacted groundwater zone (p potential beneficial use]

Most abjectives can be met in a relatively shor time frame.
Restoring the impacied groundwaler 2one to patential beneficial use|
{polable water supply} is considered technically impraciicable and

Even with he degres of breakment providedior in this
the d of imp tin groundwat, huallty as a function of
time mnnoi ba predicted with oertaimy. anud atlainment of MCLs is
not likely to occur in the fareseeable fiture,

fai t of MCLs will not be achieved in the foreseeable futura.

-Proteciion of site remediation workers during remadial
action

' would not require remedial action.

| implementation would rot require remedial actian.

Health and safety montlorng and controls will protect workers,

Health and safety moniloring and conirols will pralect workers.

H . he yse of high-temp 8 steam and a complex system
inherently increase polential safely risks 10 site remediation
workers,

Health and safety monitaring and contrals will prolact workers.

“FProtection of «

ity during r | acAion

i woutd not require remedial ection,

Implementation would nol retuire remedial action.

Health and safety monitaring and controls will protect community.

|l-lealth and safety monitoring and controls vlvill proledt community,

Healih and salety monitaring and contrals will protect community,

-Protection of envirenmenl during remedial action

Implemeniation would nol require remedial action.

Implementaticn would nol require remedial action.

Patential environmental impacts would be managed Lhrough

IE of Ihe sile char

lics {i.e., proximity of the DNAPL

Potenliai anvironmental impacts would be managed thraugh
engineering conirols, Zona to the pond and river, shallow g er Zone, elc.), g g contruds, ¢ r, i g the "sliring up® of
significani potential exists for undesied piime mig impacied edi dunng excavation in the wet, there is 4
contaminant redistribution, and/or adverse Impacis on surface waler |potentia for increased contaminant release 1o the 21s1 Sireet Pond
qualily. tduring remediation.
6. Implemamtability
-Technical Ma lechnical b o irng) tation. Mo technical barmiers 10 imptementation. Na lechnical barviers to imptementalion. Quality control issues Steam stripping beneaih the Ogden River, pclive rail ines, and Mo technical bariers to imptementation.
lated 10 wel construclian technig roadway stuciures will present technical challerges for reliatle
conlainment of rnobiﬁzed DNAPL.
<Adminisirative feasibility No adminisiraiive bariers to imptementability have been identified. |No administrative b to impl tability have been identified. |No administrative b to imph bility have been identified. o administrative b to impl iljty have been identified. [No ive b to imp) tability have been identified.
Mew Stale law provides mechanism for te institutionat controls.|New Siate law provides mechanism for reliable instilutional controls.| bew State law provides mecharism for relisble instilutional conirols {Mew State law provides mechanism for reliable instiutional conirals,
-Availability of services and materials No basrier to implementabitity. No barier 1o implementability. No barrier tg imgl \ability. E and materials are readily |DUS is a specialized process and a limfied number of qualified No barvier lo implementability. Equipment and materials are readily
available. vendors are svailabla. |available.
7. Cost :
-Capital 3 - i3 500,000 ! 50,430000] § 1,210,900
[ -08M, including moniloring s s 500,0001 § 1,107,000 1s 1,107,000
-Total 3 -1% S00,000] § 1,607000] $ 50,430,000]| 3 2,317,000




Tg 4-2a

for certain toxic pollutants: aldrin/dieldrin,
DDT, endrin, toxaphene, benzidine, and PCBs.

UPRR Ogden Rail Yard Feasibility Study
List of ARARs
Identification of Federal Chemical-Specific ARARs for Ogden Railyard Facility
Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Piscussion
. E Safe Drinking Water Act- 42 USC § 300 o

National Primary Drinking Water 40 CFR Part 14§ Establishes health-based standards for public No/Yes Standards are relevant and appropriate because the

Standards waler systems and specifies maximum aquifer is classified as a potential source of drinking
contaminant levels (MCLs). water.

Maximum Contaminant Level Goals 40 CFR Part 141 Establishes drinking water quality goals set at No/Yes Standards are relevant and appropriate because the
levels of no-kaown or anticipated adverse aquifer is classified as a potential source of drinking
health effects, with an adequate margin of walter,
salety.

Clean Water Act— 33 USC §§ 1251-1376 -

Water Quality Criteria 40 CFR Pan 131 Establishes criteria for water quality based on No/Yes The groundwater clean-up standards will consider
toxicity to hutnan health, these criteria,

Ambient Water Quality Criteria 40 CFR Part 131 Establishes criteria for water quality based on No/Yes The groundwater clean-up standards will consider
toxicity o aquatic Organisms. these criteria.

Toxic Pollutant Effluent Standards 40 CFR Part 129 Establishes effluent standards or prohibition No/Yes PCBs have been detected in low concentrations in 21

Street Pond sediments; therefore these standards may
become applicable.

Page 1 of 17




Table 4-2a

UPRR Ogden Rail Yard Feasibility Study

List of ARARs

Identification of Federal Chemical-Specific ARARs for Ogden Railyard Facility

Standard, Requirement,
Criteria, or Limitation

Citation

Description

Applicable/
Relevant

& Appropriate

Discussion

Solid Waste Disposal Act-42 USC §

§ 6901-6907

Criteria for the Identification and
Listing of Hazardous Waste

40 CFR Part 261

Establishes solid wastes which are subject 1o
regulation as hazardous waste under 40 CFR,
Parts 124, 262-263, 268, and 270.

Yes

If hazardous remediation wastes were generated as part
of the remedy, the identification and listing criteria are
applicable.

Requirements for Releases from
Solid Waste Management Units

40 CFR Part 264,
Subpan F

Establishes procedures for corrective action.

No/Yes

CERCLA is the governing regulatory framework, There
are no RCRA Corrective Action requirements SWMUs
that would supercede their CERCLA equivalents,
Standards for treatment, storage, and disposal facilities
can still be be ARARs under CERCLA il hazardous
remediation wastes are managed on site.

Land Disposal Resisictions

40 CFR Pant 268

Establishes maximurm concentrations for
hazardous constituents prior to land disposal.

Yes

LDRs will be applicable only if land disposal of
generated hazardous remediation waste occurs on-site.

Clean Air Act— 42 USC §§ 7401

National Ambient Air Quality
Standards {NAAQSs)

40 CFR Part 50

Establishes primary and secondary NAAQS
for six pollutants: PMq, 50;, CO, ozone,
NO,, and lead.

Yes

Emissions from remedial activities shall be controlled 10
prevent exceedance of NAAQS for the six listed
pollutants.

New Source Performance Standards
(NSPS)

40 CFR Part 60

Esiablishes performance standards for certain
types of new slationary sources.

NofYes

Applicable only if the design of the remedy selected
incorporates discharge points that trigger the emission
standards of this rule.

National Emissions Standards for
Hazardous Air Pollutants
{NESHAPs)

40 CFR Pan 61

The USEPA is required under Section 112 of
the Clean Air Act to develop NESHAPs for
major and area sources of hazardous air
pellucants. EPA is required te control |88
Hazardous Air Pollutants {HAPs).

No/Yes

Regulation could be relevant and appropriate 10
remediation appreaches invelving potential atmospheric
discharge of HAPs present in groundwater {¢.g. vinyl
chloride).
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UPRR Ogden Rail Yard Feasibility Study

List of ARARS

Identification of State Chemical-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
’ Utah Safe Drinking Water Act - Title 19 UCA Chapter 4;Subsection 104 ' _
Utah Primary Drinking Water R309-200-5 UAC Establishes maximum contaminant tevels for NofYes Primary drinking water maximum containment levels
Standards inorganic and organic chemicals as primary {MCLs) and maximum containment level goals
drinking water standards, {MCLGs) are relevant and appropriate requirements for
groundwater cleanup at Superfund sites where
groundwater is a potential source of drinking water.
_ Utah Solid and Hazardous Waste Act - Title 19 UCA Chapter 6 Part 1 ’
Criteria for the Identification and R315-2- UAC Establishes solid wastes that are regulated as Yes Any wastes generated during the remediation phase
Listing of Hazardous Waste hazardous wastes under the Litah Solid and will need to be evaluated to determine the applicability
Hazardous Waste Act. Definitions and of these regulations.
exclusions of wastes that are ""hazardous” are
addressed in Sections 2-3 and 24,
respectively. State regulations “mirror™ federat
definitions and exclusions.
Land Disposal Restrictions R315-13 UAC QOuitlines land disposal reswrictions for Yes Land disposal restrictions are applicable to the remedial

hazardous waste. Utah incorporates Federal
LDRs by reference,

action only if land disposal of hazardous remediation
waste occurs on-site.
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UPRR Ogden Rail Yard Feasibility Study

List of ARARS

Identification of State Chemical-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
Utah Water Quality Act — Title 19 UCA Chapter 5

Water Quality Standards R3172-2-DAC Establishes standards for the quality of Yes These rules are specific to Utah, although they are
surface waters in the Suate, derived, in part, from federal criteria.

Ground Water Quality Standards R317-6-2 UAC Ground waler quality standards are Yes These standards are applicable to ground water cleanup
numerical contaminant concentration actions through their use as Corrective Action
levels that are adopted for the Concentration Limits under R317-6-6.15.F.1 UAC,
protection of subsurface water of the
State, They are defined in Table | of
R317-6-2 UAC and with few
exceptions {i.¢., lead and copper) they
are the same as drinking water MCLs.

Ground Water Class Protection Levels R317-6-4 UAC Cround water class protection levels are Yes Protection levels could be applicable standards if the
pollutant concentration limits, set by implementation of a CERCLA remedy resulted in some
ground water class for the operation of kind of discharge to ground water, particularly
facilities that discharge or would uncontaminated or minimally contaminated ground
probably discharge to ground water water. The ground water class protection levels are pot
{R3]17-6-4.1.A4 UAC). intended ta be considered as applicable or relevant and

appropriate cleanup standards for contaminated ground
water under any state or federal Superfund action (R317-
6-6.15 UAC).

Corrective Action Concentration R317-6-6.15.F UAC Corrective action concentration limits Yes Applicable to groundwaler cleanup in the State of Utah,

Limits

are standards for ground water cleanup.
For centaminants that have ground
water quality standards, the corrective
action concentration limits ase the same
as the ground water quality standards.
For comaminants that do not have
quality standards, the corrective action
concentralion limits are determined
site-specifically.
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List of ARARs

UPRR Ogden Rail Yard Feasibility Study

Identification of State Chemical-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion

Underground Injection Control (UIC) R317-7 UAC Establishes general requirements, Yes The UIC regulations would be applicable for remedial

Standards definitions, permitting procedures, and activities that involve injection of treated or amended
operating standard. UIC standards water, State counterpant to 40 CFR Pans 144-147,
adopt by reference the federal UIC
regulations with the exception of a 2-
mile radius from the borehole instead of
a one quarter-mile radius from the
borehole to an underground source of
drinking water.

Water Quality Standards R317-8 UAC The State of Utah implements the Yes Dependent upon the S.1.C. classification of the Northern
federal Sterm Water portions of the Area QU 1 and the total amount of disturbed acreage
NPDES requirements of 40 CFR. Part involved in the implementation of the remedy selected,

122. Additionally, this rale addresses
point source discharges to a surface
water body,

the requirements of this nele will apply. Also, this rule
would apply if chosen remedial alternatives include a
point source discharge to a surface water body (e.g. from
a pump and treat system).
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Table 4-2b

UPRR Ogden Rail Yard Feasibility Study

List of ARARs
Identification of State Chemical-Specific ARARs for Ogden Railroad Facility
Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
Utah Air Conservation Act — Title 19 UCA Chapter 2
Genera! Air Quality Requirements R307-101 UAC General air quality requirements for Yes Emissions from remedial actlivities shall be controlled 10
Utah. prevent exceedance of NAAQS for the six listed
pollutants.
Establishes air quality standards for R307-201 UAC Establishes ait quality standards for Yes Applicable only if the design of the remedy selected
Utah: including genera] emission R307-210 UAC visible emissions, PM), non-atiainment incorporates discharge points that trigger the emission
standards, stationary sources, and R307-305 VAC areas, emissions from internal standards of this nule.
PM 10 standards for particulates. combustion engines, new source
performance standards (NSPS).
Fugilive Dust Emission Standards R307-2305 UAC Establishes fugitive dust emission Yes Fugitive dust emissions generated during remedial action
R307-309 UAC standards for Ogden City and outlying construction activities will be subject 1o these standards.
areas. All of the Ogden Railroad facility lies within Weber
County, and a very small area lies within Ogden City
lirnits.
Naional Emission Standards for R307- 214UAC The USEPA is required under Section No/Yes Regulation could be relevant and appropriate to

Hazardous Air Pollutants (NESHAPs)
a5 lmplemented by Utah

112 of the Clean Air Act to develop
NESHAPs for major and area sources
of hazardous air pellutants. EPA is
required to control 188 Hazardous Air
Pollutants (HAPs).

remediation approaches involving potential aunospheric
discharge of HAPs present in groundwater (e.g. vinyl
chloride).
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UPRR Ogden Rail Yard Feasibility Study

List of ARARs
Identification of State and Federal Location-Specific ARARs for Ogden Railroad Facility
Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
Solid Waste Disposal Act - 42 USC §§ 6902-6987
Location Standards for Hazardous R315-8-2.9 UAC Establishes site characteristics which No/Yes Standard is an ARAR for the Ogden Railroad Facility
Waste Management Units 40 CFR. § 264.18 are unsuitable for location of hazardous remediation only if the remedy chosen results in the

waste management units.

creation of a hazardous waste management unil(s}.

Federal Conservation Statutes — 16 USC §§ 461-1531

Historic Sites, Building and
Antiguities Act

16 USC Sec. 461-467
40 CFR. Sec. 6.301{a)

Requires federal agencies to consider
the existence and location of landrmarks
on the National Registry of Natural
Landmarks to avoid undesirable
impacts upon such landmarks.

Yes

Proposed activities will not adversely affect natural
landmarks.

National Historic Preservation

16 USC Sec. 470
40 CFR Sec. 6.301(b)

Requires federal agencies to take into
account the effect of and federally-
assisted undertaking or licensing on any
district, site, building, structure, or
object that is included in or eligible for
inclusion in the national register of
historic places.

Yes

Proposed activities will not adversely affect historical
district, site, building, structure, or object.

Archaeological and Historic
Preservation

16 USC Sec. 46%
UCA Title 9
Chapter 3; UAC R212

Established procedures to provide for
preservation of historical and
archaeological data that might be
destroyed through alieration of terrain
as a result of a federal construction
project or a federally-licensed activity
or program. Preservation of
archaeological, anthropological, or
paleontological landmarks is provided
for by state law,

Yes

Proposed activities will not adversely affect
archaeological data or landmarks.

Fish and Wildlife Coordination Act

16 USC Sec 1531, et seq.

40 CFR 6.302(g)

This statute and its implementing
regulations require that federal agencies
or federally funded projects ensure that
any modification of any stream or other
water body affected by any action
authorized or funded by the federal
agency provides for adequate protection
of fish and wildtife rescurces.

Yes
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UPRR Ogden Rail Yard Feasibility Study

List of ARARs

Identification of State and Federal Location-Specific ARARs for Ogden Railroad Facility

Standard, Requirement,
Criteria, or Limitation

Citation

Description

Applicable/
Relevant
& Appropriate

Discussion

Endangered Species Act

16 USC Sec, 1531
40 CFR. 6.302(h)
50 CFR 17 and 402

This statute and its implementing
regulations provide that federal
activities not jeopardize the continued
existence of any threatened or
endangered species.

Yes

Migratory Bird Treary Act

16 USC Sec. 703, et seq.

This requiremnent establishes a federal
responsibility for the protection of the
fatemnational migratory bind resource
and requires continued consultation
with the U.8. Fish and Wildlife Service
during remedial design and remedial
construction to ensure that the cleanup
of the Site does not unnecessarily
impact migratory birds.

Yes

Bald Eagle Protection Act

16 USC Sec. 668, et seq.

This requirement establishes federal
responsibility for protection of bald and
golden eagles and requires continued
consullation with the LS. Fish and
Wildlife Service during remedial design
and remedial construction o ensure (hal
any cleanup of the Site does not
unnecessarily adversely affect the bald
and golden eagles.

Yes

Floodptain Management Regulations

Exceutive Order No, 11938

40 CFR 6.302(b)

These require that actions be taken to
avoid, 10 the extent possible, adverse
effects associated with direct or indirect
develepment of a Moodplain or to
minimize adverse impacts if no
practicable altemative exisis,

Yes
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UPRR Ogden Rail Yard Feasibility Study

List of ARARs

Identification of State and Federal Location-Specific ARARs for Ogden Railroad Facility

Standard, Requirement,
Criteria, or Limitation

Citation

Description

Applicable/
Relevant
& Appropriate

Discussion

Protection of Wetlands

33 USC Sec. 1344

Discharge of dredged or fill materials
into waters of the US is prohibited
without a permit. Adverse impacts
associated with the destruction or loss
of wetlands and other special aquatic
sites are 1o be avoided.

Yes

Measures will be developed during RD to avoid, restore,
of mitigate impacts to wetlands.

Executive Order 11990 -
Protection of Wetlands

Directs federal agencies to take actions
to minimize the destruction, loss, or
degradation of wetlands and to preserve
and enhance the natural and beneficial
vatues of wetlands in carrying cut the
agencies’ responsibilities. In addition,
this Executive Order requires the
apencies to consider factors refevant fo
a proposal’s effect on the survival and
quality of the wetlands.

Yes

RCRA Subtitle C Landfill Siting
Requirements — Flood Plain

40 CFR 264.18(b)
UAC R315-8-2.9(b)

Any RCRA Subtitle C treatinent,
storage, or disposal facility that lies
within a 100-year flood plain must be
designed, constructed, and operated to
avoid washout,

No/Yes

Relevant and appropriate for a RCRA Subtitle C landfill
built at the Site where wastes are consoflidated within the
area of contamination (AQC).

RCRA Subtitle C Landfill Siting
Requirements — Seismic

UAC R}|5-8-2.9(a)

A new RCRA Subtitle C treatment,
storage, or disposal facility shall not be
located within 200 feet of a fault that
has had displacement in Holocene time.

NofYes

Relevant and appropriate for a RCRA Subtitle C landfill
built at the Site whers wastes are consolidated within the
AOC,

RCRA Subtitte D Landfill Siting
Requirements

UAC R315-302-1
40 CFR 258

Provides location standards for a new
solid waste disposal facility constructed
on site.

NoifYes

Applicabte only for a new solid waste landfill built at the
Site.
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UPRR Ogden Rail Yard Feasibility Study

List of ARARs

Identification of Federal Action-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
Clean Water Act — 33 USC §§ 1251-1376
National Pollutant Discharge 40 CFR Part 122 Establishes requirements for permits to Yes Discharge of treated surface water into waters of the
Elimination System Requirements autherize the point source discharge of United States and stormwater discharges may be
pollutants into waters of the United associated with the remediation strategy.
States. Also, regulates discharges of
stormwater,
National Pretreatment Standards 40 CFR Pant 403 Establishes standards for controlling Yes Applicable to discharges into publicly owned treatment
pollutants which pass through or works.
interfere with treatment processes in
publicly owned treaument works or
which may contaminate sewage sludge,
40 CFR Parts 144-147 Establishes regulations for the Yes The UIC regulations would be applicable for remedial

Underground Injection Control
Program under the Safe Drinking
Water Act

subsurface emplacement of fluids
through an injection well.

activities that involve injection of surfactants, steam
injection, or soil flooding.

Solid

Waste Disposal Act — 42 USC §§ 6901-6987

Standards Applicable to Generators of
Hazardous Waste

40 CFR Part 262

Establishes requirements for generators
of hazardous waste including waste
charactenization, pre-transpont,
manifesting, recordkeeping and
reporting.

Yes

This rule will be applicable only if hazardous waste will
be generated during remedial activities.

Standards Applicable to Waste Piles

40 CFR 264,554

Staging pile requirements for
remediation wasles.

This rule will be applicable if remediation waste 15
managed and stored in piles on-site.
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List of ARARS

UPRR Ogden Rail Yard Feasibility Study

Identification of State Action-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
UCA 73-3-25 .
Well Drilling Standards R655-4 UAC Establishes standards for drilting and Yes Tt the selected remedy includes ground water monitoring
abandonment of wells, fextraction well(s) or the abandonment of existing wells,
the standards are applicable and relevant for the Ogden
Railroad Facility.
Utah Air Conservation Act — Title 19 UCA Chapter 2
Definitions and General Requirements R307-101 and Qutlines general requirements and Yes General requirements and definitions will be applicable
for Air Conservation R307-102 UAC provides definitions for Utah Air for remediation strategies which include poltutant
Conservation rules. emissions.
Standards of Perfonnance for New R307-210 VAC Establishes standards for the NofYes Applicable only if the design of the remedy selected
Stationary Sources performance of new stationary sources incorporates discharge points that wigger the emission
{NSPS). standards of this rule.
National Emission Standards for R307-214 UAC The USEPA is required under Section No/Yes Regulation could be relevant and appropniate to

Hazardous Air Potlutants (NESHAFs)
as implemented by Utah

112 of the Clean Air Act to develop
NESHAPs for major and area sources
of hazardous air pollutants. EPA is
required to control 188 Hazardous Air
Poltutants {HAPs).

remediation approaches involving potential atmospheric
discharge of HAPs present in groundwaier (e.g. vinyl
chloride),
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UPRR Ogden Rail Yard Feasibility Study

List of ARARs

Identification of State Action-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion
Continuous Emission Monitoring RI07-170 UAC Establishes continugus emission NofYes Remediaiton systems that have air emissions may be
System Requirements monitoring system requirements for required to install continuous monitoriag systems in
those air emission sources subject to accordance with this rule,
this rale.
Davis, Salt Lake and Utah Counties R307-305 UAC Establishes limits on emissions that are Yes If the chosen remedy has a potential for particulate
and Ogden City, and Non-Astainment for the formation of (point source) PM- emissions, the remediation system{s) may have
Area s for PM-10: Particulates. 14 (particulates) in the designated areas emissions that are subject to this regulation.
(Ogden City). Ogden City is included
as a target area for this regulation.
Davis, Salt Lake and Utah Counties, R307-309 UAC Establishes limits on emissions thas are Yes If the chosen remedy has a potential for generating
Ogden City and any Non-Attainment for the formation of {fugitive source)} particulate emissions as fugitive emissions or dust, the
Area for PM-10; Fugitive Emissions PM-10 (particulates) in the designated remediation activities may have emissions that are
and Fugitive Dust. areas (Ogden City). Ogden City is subject 1o this regulation.
inctuded as a target area for this
regulation.
Utah Air Quality Penmits; Notice of R307.401 UAC Outlines general requirements for Yes These rules are applicable only if remedial technologies
Intent Approval Orders and RW7410 UAC subtnission of a Notice of Litent to anticipated for the Ogden Railroad facility require
Associated Emissions Impact Analysis construct, modify, or relocale a installation of a stationary source; thus triggering the
stationary source of air pollution and requiremenis of those rules.
requirements for Emissions Impact
Amalysis.
Smal! Source Exemption — De R307-413-2 UAC Lists de minimis emission standards for Yes I on-site emissions are small enough to qualify foran
Minimis Emission Standards air pollwiants. exemption from the requirements of R307-401, then
these standards apply. An exemption would have to be
justified based on an assessment of potential emissions
associated with remedial activities.
_Utah Solid and Hazardous Waste Act ~ Title 19 UCA Chapter 6 Part 1 : .
Definitions and General Requirements R315-1 and Qutlines general requirements and Yes General requirements and definitions will be applicable
for Solid and Hazardous Waste R3]15-2 UAC provides definitions for Utah Solid and for the management of solid and/or hazardous waste., if
Hazardous Waste Regulations. generated during the remediation process.
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List of ARARSs

UPRR Ogden Rail Yard Feasibility Study

Identification of State Action-Specific ARARSs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion

Hazardous Waste Generator R315-5 UAC QOutlines requirements for generators of Yes Generator requirements will be applicable for any and all

Requirements hazardous waste. hazardous waste generated during remediation.

Standards for Owners or Operators of R315-8 UAC Establishes standards for Owners and Yes Applicable only if on-site generation, treatment, storage

Hazardous Waste Treatment Storage Operators of TSDFs. or disposal of hazardous remediation wastes would result

and Disposal Facilities (TSDFs) from a chosen remedy.

Security Standards for Hazardous R315-8-2.5 UAC QOutlines security requiretnents at active Yes Applicable only if on-site generation, treatment, storage

Waste Treatment, Storage and portions of a TSDF. Establishes or disposal of hazardous remediation wastes would result

Disposal Facilities (TSDFs) minimum requirements to prevent from a chosen remedy.
unauthorized access by persons or
livestock into an active portion of a
TSDF and describes other security
procedures,

General Inspection Requirements R315-8-2.6 UAC Establishes the requircments that Yes Applicable only if on-site genemation, treatment, storge
owners/operators of a TSDF inspect or disposal of hazardous remediation wastes would result
their facilities to minimize potential from 2 chosen remedy.
unplanned releases of hazardous waste
constituents to the environment,

Personnel Training R315-8-2.7 UAC Describes training requirements for Yes Applicable only if on-site generation, {reatment, storage
TSDF staff. or disposal of hazardous remediation wastes would result

from a chosen remedy.
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List of ARARs

UPRR Ogden Rail Yard Feasibility Study

Identification of State Action-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion

General Requirements for [gnitable, R315-8-2.8 UAC Qutlines requirements to prevent Yes Applicable only if on-site generation, treatment, storage

Reactive, or Incompatible Waste accidental ignition or reaction of or disposal of ignitable, reactive, or incompatible
ignitable or reactive wastes at TSDFs. remediation wastes would result from a chosen remedy.

Construction Quality Assurance R315-8-2.10 UAC Establishes the requirement for a Yes The preparation and implementation of a Construction

Program Construction Quality Assurance Quality Assurance Program will be required only if the
Program for all landfill , surface remedy chosen for the Ogden Railroad Facility involves
impoundment or waste pile units, these types of units and remedial construction activities.
including liners and final cover
Systems.

Preparedness and Prevention R315-8-3 UAC Qutlines TSDF facility design Yes Applicable only if on-site generation, treatment, storage
requirements, required equipment or disposal of hazardous remediation wastes would result
testing and maintenance of equipment, from a chosen remedy,
communication and alarm systeins,
aisle space requirements, and
arrangements with local authorities in
the event of an accidental release.

Contingency Plan and Emergency R315-8-4 UAC Outlines the requirements for Yes Applicable only if on-site generation, treatment, storage

Procedures development of contingency plans and or disposal of hazardous remediation wastes would result
establishment of emergency procedures firom a chosen remedy.
for hazardous wastes.

Groundwater Protection R315-3-6 UAC Describes groundwater menitoring Yes Applicable only if remedial activities involve storage,

requirements for TSDFs.

treatment, and disposal of hazardous waste at or within
on-site facilities. State counterpans of 40 CFR Pant 264
Subpart E. The monitoring requirements of this rule
would be relevant and appropriate where hazardous
remediation wastes are managed in place or consolidated
within an AQC or CAMU.
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List of ARARs

UPRR Ogden Rail Yard Feasibility Study

Identification of State Action-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion

Closure and Post Closure R315-8-TUAC Establishes closure and post-closure Yes Applicable only if on-site generation, treatment, storage
performance standards and plan or disposal of hazardous remediation wastes would result
requirements for TSDFs. from a chosen remedy. State counterpart to 40 CFR Part

264 Subpart G. If a chosen remedy includes an on-site
landfill closure, EPA’s Guidance (i.e. Directive 9234-2-
04FS, October 1989) shall be followed for the various
landfill closure options.

Standards for Use and Management of R315-8-9 UAC Establishes standards for use and Yes Applicable only if on-site generation, treatment, storage

Containers management of containers holding or disposal of hazardous remediation wastes would result
hazardous waste at TSDFs. from a chosen remedy. State counterpart of 40 CFR Pan

264 Subpart L

Standards for Use and Management of R315-8-10 UAC Establishes standards for use and Yes Selected remedies do not include the treatment or sworage

Tanks management of tanks containing of hazardous waste in tanks. Non-hazardous tank
hazardous waste. systems will employ secondary containment for tanks.

Landfills R3i5-8-14 VAC Establishes design, operation, and No/Yes This regulation will be applicable only if 2 remediation
mapagement requirernents for disposal systetn requires the construction of an on-site landfill,
of hazardous wastes in landfills, such as where wastes are covered in place without being

excavated. These standards are refevant and appropriate
to hybrid tandfill closures. Hybrid landfill closure
requirements will be incorporated into the 21 Street
Pond remedy selection (i.e. capping sediments in place).

Surface Impoundments R315-8-11 UAC Establishes design, operation, and Yes This regulation will be applicable only if 2 remediation
management requirements for system requires the construction of surface
treatment, storage or disposal of impoundment(s).
hazardous wastes in surface
impound ments,

Incinerators R315-8-16 UAC Establishes design, operation, and Yes Remediation strategy presently does not contemplate
management requirements for onsite operation of a hazardous waste incinerator.
miscellaneous units, However, incinerator standards may become applicable

if low temperature thermal treatment of excavated soil is
employed. State counterpart of 40 CFR Part 264 Subpart
X.
Adir Emissions Standards for Process R315-8-17 UAC This regulation incotporates the Yes This regulation would be applicable only if a chosen
Vents requirements as found in 40 CFR remedy would involve air emissions from process vents

Subpan AA Sections 264.1030 through
264.1036, 1990 ed.

of equipment during treatment, storages, or disposal of
hazardous waste. Such a remedial action system would
need to be designed to meet these emission standards if
hazardous remediation is treated, stored or disposed as
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UPRR Ogden Rail Yard Feasibility Study

List of ARARs
Identification of State Action-Specific ARARs for Ogden Railroad Facility
part of a selected remedy.
Applicable/
Standard, Requirement, Relevaut
Criteria, or Limitation Citation Description & Appropriate Discussion
Air Emission Standards for Equipment R315-8-18 UAC This regulation incorporates the Yes This regulation would be applicable only if a chosen
Leaks requirements as found in 40 CFR remedy would involve source recovery. Such a remedial
Subpart BB Sections 264.1050 through action system would need to be designed 10 meet these
2641065, 1990 ed. emission standards if hazardous remediation is treated,
stored or disposed as part of a selected remedy.
Comective Action Management Unit R315-8-21 UAC Establishes requirements for Yes Applicable to remedial activities in which hazardous
{CAML) designation of a CAMU for hazardous waste generated on-site is managed. Allows exemption
wastes generated on-site and defines to LDRs if clean-up goals are achieved. State
management practices. counterpart of 40 CFR Part 264 Subpart S.
Clean-up Action and Risk-Based R315-101 UAC This rule establishes visk-based ciosure Yes This rule is applicable for remedial activities including
Closure Standards and comrective action requirements at site management, corrective action, and closure.
sites where removal of hazardous
constituents 1o background levels will
not be achieved,
Corrective Action Clean-up Policy for R311-211 UAC This rule addresses clean-up Yes Remediation sirategy must achieve compliance with the
CERCLA and Underground Storage requirements at CERCLA and UST policy. The policy sets forth criteria for establishing
Tank {UST) Sites sites, clean-up standards and requires source control or
removal, and prevention of further degradation.
Applicable 10 the Ogden Railroad Facility.
Utah Water Quality Act — Title 19 UCA Chapter 5 .
Definitions and General Requirements R317-1 VAC Details definitions and general Yes General requirements and definitions will be applicable
requirements for water quality in Utah, far remediation strategies including point source
discharges.
Design Requirements for Wastewater R217-3 UAC Qullines design requirements for the No Treatment of domestic wastewater will not be part of

Collection, Treatment, and Disposal
Systems

collection, treatment, and disposal of
domestic wasiewater.

remediation strategies.
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UPRR Ogden Rail Yard Feasibility Study

Identification of State Action-Specific ARARs for Ogden Railroad Facility

Applicable/
Standard, Requirement, Relevant
Criteria, or Limitation Citation Description & Appropriate Discussion

Underground Injection Control R317-7 UAC Establishes general requirements, Yes if groundwater remediation involves the injection of

Standards definitions, penmitting procedures, and treated or amended ground water, ULC standards would
operating standards. UlC standards be applicable.
adopt by reference the federal UIC
regulations with the exception of a two-
mile radius from the borehole instead of
a one-quarter-mile radius from the
borehole to an underground source of
drinking water.

hah Pollutant Discharge Elimination R317-8 UAC Establishes general requirements, Yes If selected altemative involves a point source discharge

Systemn Requirements

definitions, permitting procedures, and
critetia’standards for technology-based
treatment for point source discharges of
wastewater, Also establishes
pretreatment standards for discharge to
a POTW.

of wastewater, UPDES requirements would be
applicable. Pretreatment standards would be applicable
if selected alternative involved discharge to a POTW.
Applicable pretreatment standards are set by the local
POTW in accordance with its NPDES permit.
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Table 6-1

UPRR Qgden Rail Yard Feasibility Sludy
North and South Plume Monitoring Wells

Monitoring Semi-Annual Geochemical Parameters Water Level
Weil Location | Groundwater Sampling’ | and Degradation Products® Gauging
20-MW1 South Plume X
20-MW2 South Plume X
20-MW3D South Plume X
21-MW1 South Plumea x
21-MW?2 South Plume X X
21-MW3 South Plume X
22b-MW1 South Plume X X
22-MW2D South Plume X X
26-MW1 South Plume X X
26-MW2 South Plume X
26-STMW-1 South Plume X
30-MW1 South Plume X
30-MwW2 South Plume X
30-MW23 South Plume X X
30-MW-3 South Plume X X
30-MW4 South Plume X X
30-MW6D South Plume X X
30-MW7 South Plume X X
33-MP1 North Plurme: X
22a-MW1 North Plume X
22a-MW2 North Plume X
22a-MW3 North Plume X
22a-MWS5 North Plurme X
22a-MWG North Plume X X X
22a-MW8ED North Plume X X
34-MW1 North Plume X X X
34-MW2 North Plume X X
34-MW3 North Plume X X X
34-MW4 North Plume X X X
34-MW6 North Plume X
34-MW7D North Plume X
34-MW8 North Plume X X
34-MW9 North Plume X X
34-0B-12 North Plume X X X
34-0B-13 North Plume X
34-0B-16 North Plume X
34-0B-17 North Plume X
34-SPMW-02 North Plume X X
34-SPMW-03 North Plume X
SPRR3-MW1 North Plume X
SPRRS-MW1 North Plume X
35-MwW1 North Plume X X X
35-MW2 MNorth Plume X
36-MW1 North Plume X
36-MW2 Morth Plume X
36-MW7 North Plume X
38-Mw2 North Plume X X
38-Mw4 North Plume X
38-MwW8 North Plume X
35-MW9 North Plume X
38-MW12 North Plume X X X

! This is an initial list that will be re-evaluated annually based on previous data.
2VOC sampling.
? Dissotved oxygen, nitrate/nitrite, ferrous iron, manganese, sulfate, methane, ethane, and ethene.




‘ 6-2

UPRR Ogden Rail Yard Feasibility Study
Key Alternative 4 Sparging Parameters, North Plume

[ System Parameter Value Comment
Well Casing Diameter (in.) 2 Engineering judgment based on literature’
Well Casing Depth (ft.) 16 Assumes clay is 20 ft. bgs, and piping is buried 2 ft. bgs
Well Screen Length (ft.} 2 Engineering judgment based on literature'
Average Saturated Zone Thickness (ft) 10.5  |Based on hydrographs from MW-105, MW-106, and MW-107

. Assumes the saturated depth fo the well screen equals the ROI (i.e. air rising
Radius of Influence (ROI) (%) 105 through the saturated zone migrates one foot laterally for every one foot of rise.)
In Situ  [Effective RO {ft.) 21 Using on/off operation, the Effective ROI was assumed to be twice the ROI

Alr Sparging (Total number of wells 50 Based on a 2 acre treatment area and the Effective ROI
Total length of piping, vertical (ft.) 800 Based on well casing depth and number of wells
Total length of piping, horizontal (ft.} 1890 |Based on 5 rows of wells and the distance between wells along a row
Total length of header pipe {ft.) 168 Based on 5 rows of wells and the distance across a row
Flowrate per each well, Q (cfm) 5 Engineering judgment based on literature'
Blower Pressure (psi) 12 Conservative value based on saturated zone thickness and piping head loss
Total Flow of Air (cfm) 125 |Assumes only half the wells are operated at a time and the flowrate per each well
Well Casing Diameter (in.) 2 Engineering judgment based on literature’
Well Casing (ft.) 672 |Assumes half of horizontal pipe is well screen, half is casing
Weli Screen Length (ft.) 672 |Assumes half of horizontal pipe is well screen, half is casing
Average Vadose Zone Thickness 10 Based on average depth to clay (20 ft.) and average saturated zone thickness

Soil Vapor |Extraction Well Spacing (ft., c/c) 42 Assumes extraction wells are placed at the same interval as sparging wells
Extraction |Total number of wells 4 See Figure 6-7.

Total length of piping, horizontal (ft.) 1344 |Based 4 rows of wells and fength of each well
Total length of header pipe (ft.) 126 |Based on 4 rows of wells and the distance across a row
Minimum flowrate per each well, Q {cfm) 63 Assumes each well extracts twice the flow rate of injected air
Minimum total flowrate of blower 250 |Assumes only half the wells are operated at a time and the flowrate per each well

' Marley, M.C., Bruell, C.J., and Hopkins, H.H. Air Sparging Technology: A Practice Update. in Situ Aeration: Air Sparging, Bioventing, and Related
Remediation Processes. Battelle Press. 1995,




Table 6-3

UPRR QOgden Rail Yard Feasibility Study
Key Alternative 4 Sparging Parameters, South Plume

[~ System Parameter Value Comment
Well Casing Diameter (in.) 2 Engineering judgment based on literature'
Well Casing Depth (ft.) 16 Assumes clay is 20 ft. bgs, and piping is buried 2 ft. below ground surface
Well Screen Length (ft.) 2 Engineering judgment based on literature’
Average Saturated Zone Thickness {ft) 15 Based on hydrographs from MW-105, MW-106, and MW-107
Radius of Influence (RO) {ft.) 15 Assumes the saturated depth to the well screen equals the ROI (i.e. air rising

o ’ through the saturated zone migrates one foot laterally for every one foot of rise )
In Situ  |Effective RO (ft.) 30 |Using on/off operation, the Effective ROI was assumed to be twice the ROI

Air Sparging [Number of wells 50 Based on a 4 acre treatment area and the Effective ROl
Total length of piping, vertical {ft.) 800 |Based on well casing depth and number of wells
| Total length of piping, horizontal (ft.) 2700 |Based on 5 rows of wells and the distance between each well
Total length of header pipe (ft.) 240 Based on 5 rows of wells and the distance across a row
Flowrate per each well, Q (cfm) 5 Engineering judgment based on literature’
Blower Pressure {psi) 15 Conservative value based on saturated zone thickness and piping head loss
Total Flow of Air {cfm) 125 |Assumes only half the wells are operated at a time and the flowrate per each well
Well Casing Diameter (in.) 2 Engineering judgment based on literature’
Well Casing (ft.) 1080 {Assumes half of horizontal pipe is well screen, half is casing
Well Screen Length (ft.) 1080 |Assumes half of horizontal pipe is well screen, half is casing
Average Vadose Zone Thickness 5 Based on average depth to clay (20 ft.) and average saturated zone thickness

Soil Vapor |Extraction Weli Spacing (ft., ¢/c) 60 |Assumes extraction wells are placed at the same interval as sparging wells
Extraction [Total number of wells 4 See Figure 6-9.

Total length of piping, horizontal (ft.) 2160  |Based 4 rows of wells and length of each well
Total length of header pipe (ft.) 180 Based on 4 rows of wells and the distance across a row
Minimum flowrate per each well, Q (¢fm) 63 Assumes each well extracts twice the flow rate of injected air
Minimum total flowrate of blower 250 Assumes only half the wells are operated at a time and the flowrate per each well

* Marley, M.C., Bruell, C.J., and Hopkins, H.H. Air Sparging Technology: A Practice Update. In Situ Aeration: Air Sparging, Bioventing, and Related
Remediation Processes. Battelle Press. 1995.
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UPRR Ogden Rail Yard Feasibility Study

Key Alternative 5 Sparging Parameters, Treatment Wall

Parameter Value . Comment
Well Casing Diameter {in.} 2 Engineering judgment based on literature'
Well Casing Depth {it.) 14 Assumes an average depth to clay of 17 fi., horizontal piping cover of 1 ft.
Well Screen Length (ft.) 2 Engineering judgment based on literature'
Saturated Thickness (ft.) 8 Conservative value based on hydrographs from MW-105, MW-106, and MW-107
, Assumes the saturated depth to the well screen equals the RO (i.e. air rising through the
Radius of Influence (ROY) {ft) 8 saturated zone migrates one foot laterally for every one foot of rise.)
Effective ROI {ft.) 16 Using onfoff aperation, the Effective RO! was assumed to be twice the RO
Number of wells 85 Assumes walls are composed of two rows of wells over 1400 ft.
Total Length of piping, vertical (ft.) 1190 |Based on well casing depth and number of wells
Total Length of piping, horizontal {ft.) 2500 |Estimated based on piping between wells and around buildings
Blower Pregsure (psi) 14 Based on max saturated thickness of wells and head loss in piping.
Flowrate per each well, Q {¢fm) 5 Engineering iudgment based on literature’
Total Flow of Air {cfm) 110 Based on the max number of wells in a segment and the flowrate per each well

! Marley, M.C., Bruell, C.J., and Hopkins, H.H. Air Sparging Technology: A Practice Update. In Situ Aeration: Air Sparging, Bioventing, and
Related Remediation Processes. Baittelle Press. 1995,



Table 7-1

Detailed Analysis of Rail Yard Groundwaler Alternatives

UPRR_chen Rail Yard Feasibility Study

iuation Criteria Alternative 1 Alternative 2 Altgmative 3 Altamative 4 Altemative-§ Alternative B
o Aggressive Source Remediation wi Active
Desctiption Mo Action MNA Focused Source Removal with MNA Aggressive Source Removal with MNA, Perimeter Groundwatsr Traatmernt Groundwater Remadiation
1. Overall Protection ‘

Muwmummmmmamm
ted by dirsct inhatation, of

Ho. Current human expasure does nol exist.
(Curent conditions do ned pravent future
ter

Yes. Current human exposiure does not exist

Futre wxpgsure is prevented through enforceable

Yes. Current human exposuig does nol exist,

Fulura exposure is prevented through enforceable;

‘Yes. Canvend human expasure does not exist,

Futwre exposure is preventad through enforceable

Yes. Currend human exposwe does not exist,
Future exposure is prevenied hrough institutional

Wes. Cument human exposure does nol exist.
Futurs exposure is prevented through instiuional

Will be designed to meet action speciic ARARS

ingqestion of ated . institutional controls. mstitutional contrals. instisional controls, controls. controks,
l -Prwemspolanlialmmmnlumnﬁgraﬁonas No. Mondtoring data and cah indicate he |Yes.Moniloﬂngdaiaandcalculaﬁonsindim1eﬂ\e Yes, Mwmumwmmmm Yes. Moruwnngd.alamdc.alwwﬁonsinﬁcateme Yes, Mmmgdamandcalwlahonsndicateme Yes, Mormomgdataandcalmauonsuﬂmteu
necessary to proteci cument beneficial uses and polential plume ks nol migrating, However, without plurme is nol migrating, With continwed moniloring, |ph ts not migrating: Wit " ot " - o - niimed monitoring, pllxnetsnol ig ,,Wiih g
bencficial uses of groundwater at the site, and 1o be proteciive |contimied m ing, achi 1 of this achievement of this objective can be adniwmmuﬁmobpcwembe achi of this o} can be mlsuhjewvecanbedmated of this obj Cam b
of surface water and their designaled uses. b cannaol be d d demonstrated, demonstrated. jdemeonstrated, The reactive wall provides added protect d trated.
h “lheph.lmeshiﬂdawnmdieru_
Resiore the gr 1o beneficial uses {as technically [No. Withoul monitoring data, this objeciive cannot | Yes. Givuusul’ﬁciemlime. MCLs wilk gventually  [Yes. Given sufficient time, MCLs will evenlually  [Yes. Given sufficient time, MCLs will eventually  [YVes. Given sutﬁuenlum.M Mﬂevmtualy Yes. Given sufficlkent time, MCLs will eventually
practicable). be evaluated. b achieved. The tmeframe to ach MCLs be achieved. The tlimef to achieve MCLs be achiaved. The 1i to achi MCLs be achieved. The hi be achisved. The timeframe to achieve MCLs
cannot be redicted. canmot be acou redictecl. cannot be accurat icted. cannat be accural X cannct ba jcted.
-Ttea\.coruam amﬂmesowcesdofmngmmlm No. Withowt monfioring data, this objeciive cannot |Source treatment by natural biolog Source freatm I bi | processes [Sounce treatment by volatilization of VOCs, 5 [ t by i biplogical processes. | Seurce treatment by volatilization of VOCs,
g to the g th p be evaluated. Thesewerplpeshngeismwed Wrunwalufmwsshdge removal of sewer pipe sludge. The sewer pipe sludge & not removed. removal of sewer pipe sludge.
2. Compllance with ARARs — !
-Action specific ARARS. None apply. Wil ba designed to meet action specific ARARs  [Will be designed to meet action specific ARARs

Wil be designed 1o meet aclion speciiic ARARS

il be designed i meel action specific ARARSs

-Chemical specific ARARS

Although ACLs may already be mel, this cannot

ACLS will be meL

ACLs will be mel

ACLS wil! be el

ACLs will bo met, :
i

ACLS will be met.

[Will meet_all location RARs.

Wil meet all location ARARS.

can

Jbe demonstrated without monitoring _ -

~Location specific ARARS Wit meet all location specific ARARS. Will meet all location ARARs, Will mest all location specific ARARS. [Will meet ah location specific ARARS.
3, Long-Term Effectiveness and Permanence ..

«Magnitude of residual risk No. Reduction in restdual risk cannot be verified  |Yes. Once reaiment is complete, risk will be Yes. Once treatrnenl is complete, nisk will ba Yes. Dnce treaiment is complete, risk will be

|withoud monitoring. reduced lo below acceplable bevels. reduced 10 below accepiable levels. reduced {o below acceptable levels.
-Adequacy and relfabtlity of controls No engineering controls for this altemative. No -institutional controts will be effective dwing the  |-Institutional is will be effective during the  [-institutional conbrols will be effective during the
itoring or main quired tirvwe: required for residual risk to be reduced to lhllerequlredfnrresiduallisttobewduoedto Jtime requined for residual risk to be reduced to
acoepiable lavels. BCCop levels, ptable levels.
Moring can d trat ol M 9 c te compliance. Monitaring can o 9

Yes. Onoall‘aahhenlismpléte risk will be

reduced to below acceplable Hvels.
-Institional controts will be elfactive during the

e required for residual risk o be reduced to
plable levels,
- The perimeter reactive pravides further

{assurance that offsite migration of the VOO
-phm&enmoou.rdurﬁ'lglhehmemﬁedfor

[l tha entire
Jimpacted groundwat mneni, ble water
quality.
-Monitoring can demonstrate ance.

4. Reduction In Toxlcity, Mobility, or Volume

No reduction of loxicity, mobility, or volume

+Tonicity , volume, and mokility reduced through
natural biclogical processes.

-Toxicity , volurne, and mubiity reduced through
natural biclogical processes.
+Slidge i removed from site.

Toxicity . vokime. and mobity reduced teough

-Stndgelsmvedfmmsneanﬁvdatlmon

|5. Short-Term Effectivencss

removes additonal mass.

Yes. Once treaiment is complete, risk will be
reduced I betow ace e levels.
-Instituticnal controls wil be effective durmg the
time: ired for residual sk 10 be d o
tevels,

{-Moniloring can demonsirate compliance.

-Taxicily , volume, and mobilfy reduced through
natural biclogical processes. -
-IAS does not address source removal.

-Taxicity , volume, and mobility reduced through
volatilization.
-Studge & ramoved from site.

-Time to achieve remedial action objectives

o, Without monitoring data, the time to achiave
remedial action objectives cannot be measured.

-Miost ehjectives can be melin a relatively short
tme frame.
-The time ta ackhieve site restoration to MCLS is

-Most objectives can be met in a relatively shor
time frame.
-The tima ko achieve site restoration to MCLs is

-Most objectives can be met in a relatively shor
time frama,

Moslob}wﬁvescaﬂbemetiharelaﬁv@yshoﬂ
tme frame,

Mozt objectives can be met in a retatively shon
time fraone,

-The time to achieve site restoration to MCLs is  |-The tme to achleve sile rumralion WeMCLsis  |-The ime ko achieve sita restoration to MCLs is
very unceriain. While modeling indicates that il is fvery rtain. V/hile modeling indicales that it is [very uncenain, Aggressive source area ireatmentfvery in. While modeli di that it is |very uncertain, Aggressive SOUrce area treatment
passible for natural attenuation processes to passible for nabsral attenuation processes to ikety reduces the time required 1o achieve sile  Jpossible for | att 1o pled with active remediation of remaining
resull it attakanent of MCLS in as Wille as len resull in atlainment of MCLs in as fitle as ton resioration to MCLs, but there i much uncertainty mullmmmmanofMCLsu.aslmteastm porlions. of the pluma very kkely reduces the tme
years, it is more probable that the required years, it is mone probalble that the required regarding the magilude of the reduction. The  |years, itis more probablo that the d qued to achieve sife o MCLs, but
tirneframe: is rwch longer (particularty without tieveframve is much Tonger, unceriainty results from a number of factors that Umeﬁamemmmga(pammnywﬂlm there iz muath riainty reg; g the magnitud
treatment of the potential source posed by sludge inctude the potential presence of DNAPL treatmend of the patential sawce posed by sludge [of the reduction achieved hrough these tensi
in the abandoned sewer line). *pockets” (not practically identifiable), the reverse [in the abandoned sewer line) efforts. The uncertainty results from a number of

difTusion phenomenon, and the Fact that there are fattors thal incheda the potential presence of
50 few documented case studies (if any) of DNAPL "pockets® {not practically identifiable), the
groundwater zones impacted with CVOCs that diffusion ph and the fact that
have been remediated to MCLs. there are so few clommented case studies (if any)
of ground 2ones impacted with VOCs that
havebeent&meda‘ledloMCLs
-Protection of sHa diati rh during dial implementation would not requira remedial aclion. |Health and safety monitoring and controls will Health and safety monitoring and controls wil Heafih and safety monitoring and controls will Health and safety monitoring jnd controds will Health and salety monitoring and controls will
|aciion et workers, workers. |protect workers. ect workers,
-Protection of ity during dial pction Implementation would nol require remedial action. [There are no current unacceplable risks lo the  [Health and safety monitoring and controls will Health and safety monitoring and cantrols wil Health and salety monitoring hnd controls will Healll\aﬂﬁsaleiyrnonilormgandmﬂmlswill
et CoaWmuni otect commuriity. &t et . et com!
Prot of A duwing diad action thep ial for | |Potential emvieo tal impacis would be Potential anvironmental impacts would be Potentizh environmental impatts would be Potentialwwmmmwknpadswwldbe
managed through enginesrng controls. managed theough engineering conirols. managed throu i controls managed through engineering controls.
6. Imy abili )
-Techmicat Notachmulbarriers Iolmglementahon No technécal barriers to implemantation. Mo technical bariers to abon. No technical batriers to implementation. No technical batriess Lo i entation. o lechnical barrlers to implementation.
bility -MNo administrative barmiers to implemendability -No administrative barers to implemantability  [-No admini o imph biity o adminisirative bartiers tojniplementability  {-No ive barrers to impk tability
have been ideﬂﬂﬁed have been identified. have been identifiad. have been identified. have been identifiad. have been identified.
-New Stale law provides mechanism for veliable  [Hew Staw law provides mechanism Tor refiable  [-New State faw provid h for refable  [-Mew State taw provi : bsm for reliabh Siate law provides mechanism for reliable
-Administrative feasib . |institutionat condrols. institutional Imls, mstitutional contruls. Jiﬂsﬁl\ﬁmd controls.
Mo bamier to implementabiity. No barrier to implemantability. Groundwater Mo barmier to imph hility. Equip t and Mo barriers to img lability. Equip 1 and N bamier to impl _atulnf L and No barvies (o imph tability. Equip and
manitaring has been completed in the past at the |malerials are readily available. materiaks are readiy available. maieﬁaisareteadﬂ;avadabté malerials are readily available.
-Availability of services and materials site.
7. Cost |
~Capitat BE - 400,000 2,080,000 790.000 4,320,000
| -D&b, inchudiing monitaring 550,000 550,000 2300001 $ 1,570,000 2,580,000
“Total 3 550,000 950,000 310,000 2,360,000 6,900.000
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W§ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

& REGION 8
999 18™ STREET - SUITE 300
DENVER, CO 80202-2466
Phone 800-227-8917
hitp:iiwww.epa.goviregion08

May 16, 2003
_Ref: S$EPR-SR

Mr. Gary L. Honeyman

Manager - Environmental Site Remedlauon
Union Pacific Railroad Company

221 Hodgeman

Laramie, Wyoming 82070 '

Re: Memorandum on Remedial Action Alternatwes
UPRR Railroad Facihty, Ogden Utah, CERCLA-8-99-12, May 9, 2003

Dear Mr. Honeyman:

: The Environmental Protection Ageﬁcy (EPA) and the State of Utah‘Depaﬁrhent' of
- Environmental Quality (UDEQ) concur with the Remedlal Acnon Alternatives-as pmposed inthe -~
. referenced memorandum.

If you have any questions, please call Michael Storck at (801) 536-4179 or meat
(303) 312-6160.

/ J. Mario Robles
Remedial Project Manager

cc:  Michael Storck, UDEQ
Hoyt Sutphin, TFG

. FAM Concummente wpd

QPdnfed on Recycled Paper



" THE FORRESTER GROUP

INSIGHTEUL ENVIRONMER VAL SOLUTIONY

May 9, 2003 _ .

Mr. J. Mario Robles
Environmental Scientist
USEPA, Region VIII, 8EPR-SR
999 18™ Street, Suite 500
Denver, Colorado 80202

MEMORANDUM ON REMEDIAL ACTION ALTERNATIVES - DRAFT
UPRR RAILROAD FACILITY, OGDEN UTAH, CERCLA-8-99-12

Dear Mr, Robles:

On April 17, 2003, the UPRR project team met with USEPA and UDEQ representatives to discuss and
reach a consensus on various topics associated with the UPRR Ogden railroad facility. One of the topics
of discussion was the Remedial Action Alternatives that would be evaluated in the Feasibility Study. The
attached memorendum lists the proposed remedial action objectives for the site. Once we have agreement

on these from the regulatory agencies, they will be incorporated into the revised 2003 Site Management
Plan.

Please contact me at (303-456-0400) if you have any questions regarding this submittal.

Sincerely,

Hoyt Sutphi
Project Manager

Attachment
Copy to: Michael Storck, UDEQ

Gary Honeyman, UPRR
Keith Piontek, Forrester Group

J10gden UP SP\Pre} Detiverablos\RAA submitta) tef-030502hhs.doc

605 North Boonvillte Avenue 5460 Ward Road, Suite 110 500 Chesterficld Center, Suice 300 .
Springhiecld, Missouri 65806 Aivada, Colorado 80002 Chesterfield, Missouri 63017
p 417.864.6444 [ 417.864.6445 p 303.456.0400 [303.456.0232 p 636.728.1034 f636.728.1035

warw.forrestergroup.com



Remedial Action Alternatives
Ogden Rail Yard

] THE FORRESTER GROUP

S INSIGHTFUL ENVIRONMENTAL SOLUTEONS™

May 6, 2003

REMEDIAL ACTION ALTERNATIVES (DRAFT)
OGDEN RAIL YARD SITE (CERCLA-8-99-12)

May 6, 2003

This document presents a listing and description of the Remedial Action Alternatives that will be
evaluated to achieve the Remedial Action Objectives (RAOs) for the UPRR Ogden Rail Yard
Site. Remedial Action Alternatives are described below for each of the two currently identified
Opetable Units at the site with established RAOs. |

INTRODUCTORY NOTES

1. Remedial action alternatives have been discussed among UPRR, USEPA, and the Utah DEQ at
. two meetings, the November 6, 2002 meeting and the April 17, 2003 meeting. This document
presents the remedial action altematives that were agreed to through these discussions.

2. After USEPA and Utsh DEQ concurrence on the information presented herein, these remedial
action alternatives will be incorporated into the 2003 Site Management Plan (which is currently
undergoing revision). The discussion of remedial action alternatives will be incorporated into
Section 6 of the Site Management Plan (Project Tasks).

3. The Site Management Plan (containing the remedial action altematives discussion as discussed
above) will meet the requirement for submittal of a “Memorandum on Development and
Preliminary Screening of Alternatives, Assembled Alternatives Screening Results and Final
Screcning (Administrative Order on Consent for Remedial Investigation/Feasibility Study, U.S.
EPA Docket No. CERCLA-8-99-12, Paragraph 37.¢.(2)).

NORTHERN AREA (OU-01)

Remedial Action alternatives to be evaluated for the Northern Area OU are as follows:

1. No Furiher Action.

JADgden UP SP¥mo; Deliverable siremedial acilon altlemslives-030506.doc 1



Remedial Action Alternatives
Ogden Rait Yard

THE FORRESTER GROU?P

TRSIGHTFUL ENYIRONMENTAL SOLUTIONS™

May €, 2003

2. Interim actions implemented to date, and long-term groundwater monitoring.  Actions
implemented to date include the fence around the DNAPL-impacted sediments, pond water level
management, and limiled DNAPL recovery. Additional groundwater sampling will be conducted
to monitor DNAPL-related contaminant levels in groundwater. This alternative will also include
institutional controls (details to be defined in the FS process).

3. Pond sediment remediation with DNAPL recovery. Screening and refinement of the pond .
sediment remedies previously presented in the Focused Feasibility Study (FFS) will be performed
to identify the preferred remedy for the DNAPL-impacted sediments in the 21* Street Pond.' It
is anticipated that the alternative that will emerge from ¢his further evaluation will be a
modification of the “sediment containment” alternative presented in the FFS. A DNAPL
recovery altemative based on the results of the DNAPL recovery pilot test and the additional
DNAPL zone characterization work will be developed. It is also anticipated that this alternative
will focus on application of the dual phase recovery method (the technology successfully used in
the pilot test) in stratigraphic lows where potentially mobile (and recoverable) DNAPL exists in
the greatest quantities. Additional groundwater sampling will be conducted to monitor DNAPL-
related contaminant levels in groundwater. This alternative will also include institutional controls
{details to be defined in the FS process).

4. Pond sediment remediation with intensive DNAPL zone treatment. This alternative will
incotporate a more intensive DNAPL zone treaiment approach that roaximizes reduction of
contaminant mobility, volume, and toxicity, with the goal of full restoration of groundwater
beneficial use as expeditiously as possible. It is anticipated that either dynamic underground
stripping (a steam technology) will be the primary DNAPL removal technology incorporated into
the alternative, and that this technology may need to be coupled with another technology (i.e.
groundwater extraction and treatment) as the “polishing step” needed to atiempt complete and
expeditious restoration of the impacted groundwater zone.

* Fooused Feasibliity Study for Interim Remediat Action, Ogden Rail Yard, 21 Street Pond, Ogden, Utah {DRAFT), Seplember 21,
2001, The Fomester Group, Chesterfield, MO. This document was submitted to the regulatory agencles for information purposes
onty. This document has not been reviewed or approved by the regulalory agencies.

Ji0pden UP SPPro} Deliveratiesiremedial action akemalives-030506.doc 2




Remedial Action Alternatives
Ogden Rall Yard

il THE FORRESTER GROUP

“INSIGHTEUL ENVIRONMENTAL SOLUTINS™

May €, 2003

OGDEN RAIL YARD GROUNDWATER (OU-04)

Remedial Action Alternatives to be evaluated for the Rail Yard Groundwater OU are as follows:
1. No further action.

2. Monitored Natural Attenuation (MNA). Evaluation of this alternative will incorporate the
results of the additional groundwater monitoring and natural atienuation characterization
work previously discussed. This altemnative will also include institutional controls (details to
be defined in the FS process).

3. Source area remediation with MNA. This alternative will include actions to address the
wastewater sewer lines associated with the former Southern Pacific Railroad (SP) facilities,
which appear to be a potential source of ongoing CVOC loading to the North CVOC Plume.
It is anticipated that this alternatives will include either cleaning or plugging of the sewer
lines. This alternative will also include institutional controls (details to be defined in the FS

. - pm).

4. Aggressive Source Area Remediation with MNA. This altemative will include actions to
more aggressively treat potential sources of ongoing CVOC loading to the North CVOC
Plume, It is anticipated that air sparging/SVE in the zones of highest CVOC concentration
will be the technology that will be incorporated into this alternative. This alternative will also
include institutional controls (details to be defined in the FS process).

5. Perimeter groundwater treatment. This slternative will include actions to actively treat
groundwater along the site perimeter, to mitigate the potential for offsite migration of CVOC-
impacted groundwater, It is anticipated that this measure will be comprised of a line of air
sparging wells that will create a treatment zone through which impacted groundwater must
pass before offsite migration. This alternative will also include institutional controls (details
to be defined in the FS process).

. * The Site Management Pian will contain a discussion of the additionat groundwater monitoring that will be performed pursuant to
the FS process.
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Ogden Rail Yard
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TNSIGHTEUL ENVIRONMENTAL SOLUTIONS™

May 6, 2003

6. Aggressive source area remediation and active groundwater remediation. The objective of
this alternative is restoration of groundwater beneficial use as expeditiously as possible. This
altemative will include the source area remediation approach from Alternative 4, and will be
coupled with active remediation (air sparging and/or groundwater extraction and treatment)
of remaining portions of the groundwater plume as needed to attempt complete and
expeditious restoration of the impacted groundwater zone.
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FILE COPY

Mr. ]. Mario Robles
USEPA, 8EPR-SR.

999 18th Street, Suite 500 -
Denver, CO 80202-2466

IDENTIFICATION OF CANDIDATE TECHNOLOGIES - NORTHERN AREA
UPRR OGDEN RAIL YARD -
CERCLA 8-99-12

Dear Mr. Robles:

On behalf of Union Pacific Railroad (UPRR), The Forrester Group has completed an initial
" screening of technologies that appear to be the most likely candidates for implementation at the
Northern Arca operable unit of the Ogden rail yard. The identification of candidate technologies is .
. - based upon what is currently known about site conditions. The list of technologies may change in
the future as a result of additional data collection and the results of the human health and ecological
risk assessment. ' '

The format of this screening follows the format used in the June 2000 screening of technologies for
the entire rail yard site. Please forward any comments to me after your review of this document.

Hoyt Sutphin
Project Manager

Enclosure

Copy to: M. Storck, UDEQ
G. Honeyman, UPRR
K. Piontek, TFG
D. Romankowsks, TFG

. 3460 WARD RUAD o SUTTE 110 « ARVADA « iDLORAX) 80002 « PHONE 303 456.0400 « FAX 303-456-0232
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OGDEN RAIL YARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES — NORTHERN AREA

November 5, 2001

This document presents the results of a screening of remedial action technologies for the Northern
Area Operable Unit. -

Objectives
The objectives of the technology screening are as follows:

e Identify the remedial action technologies that will be carried forward for evaluation in the
Feasibility Study.

* Identify the technologies that require treatability testing to support the Feasibility Study
process, particularly with respect to remedy selection.

Scope and Methodology
Based on the results presented in the drafi/final Remedial Invesvigasion Report, Ogden Rail Yard,
Northern Aea, the technology screcning focused on the following media and/or conditions of
concern:

o DNAPL zone

» Impacted sediments

e Impacted groundwater

For each candidate technology, the screening considered two questions:

'[Le Eorres&er Group
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+ Considering site conditions and the niche of the technology, is the technology potentially
applicable to the site? o

¢ If the technology is potentially applicable, is there sufficient existing information to
sufficiently evaluate its applicability in the Feasibility Study (i.e., to support remedy
selection)?

Results

Results of the technology screening are presented in the attached table. Generally, for the
technologics that are potentially applicable, there is sufficient existing data and information to
support remedy sclection in the Feasibility Study process. The exception is with respect to primary
and sccondary DNAPL recovery techniques (conventional gravity recovery and water-flood
recovery). Pilot testing is required to evaluate the recoverability of DNAPL using these techniques,
- and to project how these techniques would be applied to the site.

There are a number of other advanced DNAPL zone remediation technologies (¢.g., tertiary
recovery techniques such as surfactant flooding) that would require pilot testing before
implementation, to establish design parameters. However, there is sufficient information to
evaluate these technologics in the FS process. Considcring‘ the scope and cost of pilot testing for -
these advanced technologies, the appropriate time for pilot testing of these technologies (as
necessary) is after remedy selection and as a2 component of subsequent remedy design and
implementation. ‘

Ike I“OI‘I‘CS{GI‘ Gl‘Ollp
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OGDEN RAIL YARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES - NORTHERN AREA

T e e e
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIE! APPLICABILITY

This
to Site?

3| #[5| 3(3|3[EEE[EERE[E4[E] [ powenvany

Will There
Sufficlent

to Eval-
ate in the FS?

Genoral
Medium Response Action | Candidate TechnologyJ

Sedime 218t S Access Restrictions Fences
Pon Increase water depth a |
sediments

Institutional controls
Containment Native soll cap

Clay cap

Synthetic membrane
|Asphalt or concrete cap
Multilayered cap
Excavation and Removal |Mechanical excavation
_ Dewatering
Soil Treatment Stabilization
Incineration
Ezemedlatfon
Thermal desorption

Disposal Reapplication
Consolidation on site in a
designed cell

Off-slte disposal
Groundwater Monitored Natural Monitored natural
Attenuation attenuation

Access Restrictions Instiional controls

COMMENTS

|ICompleted in May 2001 as an interim action
jICompteted in Surmmer 2001 as an interlm action

ollowing the

sl sk

il
8¢

"

158

[iNot justified by the incremental cost relative to off-site disposal

3l 33

Sedimants..& DNAPLs
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POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIE!

OGD.'\‘.AIL YARD .

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES - NORTHERN AREA

APPLICABILITY

Medium

General
Response Action

This
echnology

Contalnment

Sof-bentonite slurry wall

ntially
to Sita?

Candidate Technology| g = é g

ng the
Will There

:

lowi

Sufficlent
to Eval-
in the F§7

COMMENTS

Cement-bentonite slurry
wall

Grout curtaing

Sheet-pile wall

Sorptive bamier

Collection

Vertical wells

Hortzontal wells

Horizontal drainlines

Ex-Situ Treatment

Asrobic bloreactor

Granular activated carbon

ChemicallV oxidation

Air stripping

applicable to primary constituents of concem

Filtration

Not appficable to primary constituents of concern

lon exchange/adsorption

Precipitation

chlefo [ [B(E18[53 [E[518| 3[4

in-Situ Blological Treatment{Asroblc cometabolic

blodegradation

applicable to primary constituents of concem

Agrobic bioremediation

al

Anasrobic blorermediation

appficable to primary constituents of concemn
Not applicable to primary constituents of concemn

i3

Phytoremediation

-

In-Situ Physical-Chemical
Treatment

Preumatic fracturing

ot applicable to slte subsurface conditions

Hydraullc fracturing

jiNot applicable to site subsurface conditions

Alr ng

[[Mot applicabla to primary constituents of concern

Elsctrokinetic treatment

Mot applicable to primary constituents of concem or site
bsurface conditions

Pagsive treatment walls

|

Chemical oxidation

Chemical reduction

#lot applicable to primary constituents of concem

Discharge

E;I_JES pormitted

POTW permitted

<213l5l5l ala|al2|3|3(3| slals|elelald|sla(aalEslE| uls

HUREE
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OGDEN RAIL YARD"
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES -~ NORTHERN AREA

— = .- r—— == —
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIE! APPLIGABILITY

ally

ly to Site?
to Eval-
inthe FS?

General
Medlum Response Actlon | Candidate Technology|
DN Monitored Naturat Monitored natural
Attenuation attenuation

Access Restrictions Instihutional controls

Will There

Sufficlent

ollowing the

COMMENTS

Containment Slurry wall
Grout/concrete curtain wall

Somptive barrler
Sheot-pite wall
Excavation and Removal _|Mechanical excavation
DNAPL Recovery Water flood recovery
Dynamic underground
stripping (DUS)
Surfactant/cosolvent
flooding

Dual phase extraction
Fluid Delivery/Recovery  |Vertical wells
Horizontal wells
Hortzonta! drainlines
[Treatment DUS with hydrous pyrolysis|
i oxidation (HPO)
Six-phase heating
[Enhanced desorption and
bloremediation

In sty thermal destruction

In situ chamical oxidation

Off-gite treatment
Disposal Oft-site digposal

I HEHER

This
HE R HE 3%‘:‘@

-

g &

3
Q

[[Not applicable to primary constituents of concemn

EAEEELL

-

EAES

3

-

3

yas
yes

51503(3| 3|3 a(s(3)s

1 Sufficient data exists to evaluate this technalogy In the FS, If the FS Identifies this technology as part of the recommended remedy, pliot testing will be required for design
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OGDQRAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
{DENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY -
General
Medium Response Action COMMENTS
Sediments (21st Street Access Restrfctlons Excavation Restrictions | ould Ex¢, Restrictions be part of a deed restriction? ]
' ond Fences yes yes ompletad in May 2001 as an interim action
Permnits yes yes at kind of permit? Is this really a valid consideration given
at UP doesn't own the pond?)
Deed Restrictions yes yes ow does this work since UP doesn't own the pond affect this
candidate? Is this a viable candidate?)
Containment Native soil cap yes yes
Clay cap u yes yes |
Syrthetic membrane yes yes
Asphalt or concreta cap || yeos ves
Multitayered cap I yes yos
Excavation and Removal _|Mechanical excavation yes yes
Dewate yos yos _‘L
Consolidation in a design yes yes this something we would really consider giving that the rail
call on site rd is stil! active?) .
Remote disposal u yes yes
Soil Treatment Stabllization yes yes
Incineration yes yes _
Themal desorption yes yes‘ [This was found through the EPA webpage on presumptive
- medies.)
Biodegradation yes yeos |
(Groundwater Monitoring Monitored natural yes yes ‘L
attenuation
Monitering flow and con- yes yes s there a real difference between avaluating MNA and
taminant concentration "monitorng flow and concentration®?] '
Access Restrictions Deed restrictions yos yes
Permits yes yos
Containment Soll-bentonite slumy wall yes yes
Cement-bentonite sturry yes yos
walt
DNAPL Tech Evaluation_11-05 4
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OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

Medium

Dl. Tech Evaluation_11-05

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABIL I -

S | e # H
S S8E3w
2823 22352
[-] = ]
£9388 (gk Eoe
EE > % = -
General 5840 22039

Response Action | Candidate Technologyll 2 85 & 2za8% COMMENTS

Grout curtains yes yos

Sheet-pile wall It yes yes

Reverse-gradient extractior| yes yes ['s this something different from pump-n-treat. | am thinking of

system, Phillips KC refinery, where contalnment was a secondary

blective.] The hydraulic gradient at this site is already one that
points Into the DNAPL plume, suggesting that the DNAPL is
ntained on site. This technology could be used to prevent
NAPL migration should monitering suggest the DNAPL was
migrating to a receptor,
Coltection Conventional Pump/Treat yes yos
Horizontal extraction trench yes yes
Ex-Situ Treatment with Asrobic bioreactor yes yes'
Direct POTW Discharge

Granular activated carbon yes yes

Chemical/lUV oxidation yes yes

Air stripping no - stated in the RI, benzo{a} pyrene and naphthalene are the
primary constituents of concern. Because these chemicals are
both SVOCs, air stripplng is not expected to be a successful

nology.

Filtration no - Filtration uses physical and chemical interactions to remove
suspended particles. Because the constituents of concemn occur
in the dissolved phase, this is not an approriate option.

lon exchange/adsorption no - e constituents of concem are organic chemicals, not ions.

. orefore this tachnology would likely be ineffective.

Preclipitation no - Precipitation of the constituents of concem is not likely to be

lable treatment option.
In-Situ Biologica! Treatment| Aerobic cometabolic no - ||;hls technology generally applies to chlgrinated solvents, and
blodegradation erefore is not appropriate for the contaminant of concem.

Sediments, GW, & .PLS (yes)




OGD&QAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES

APPLICABILITY ||

$ |2exqyd
2824 22E]2
= 8 S
“E% §=§2£
General §-=3'§ 2Tag
Medium Response Action | Candidate Technology|| & @ om 2 COMMENTS

Anaerobic bioremediation ' =

Phytoremediation yes yes'

Bloremediation yes yes'

Enhancaments

In-Sitw Physical-Chemical Pneumatic fracturing no - Pneumatic fracturing Is generally used for clayey and silty sols.
Treatment is technology wil not likely be needed becausge the soils at the
ite are generally sands and gravels.

Hydraulic fracturing “ no - Hydraulic fracturing should not be needed because the site soils
are generally sands and gravels.

Alr sparging no - e success of air sparging depends in large part on the volatility
of the constituents. Because the volatility of some of the
constituents of concern is low, alr sparging is not expected tobe ¢

uccessful technelogy for this site.

Electrokinetic treatment no - is technology generally applies to highly 1onic constituents, not

organic ones that are found at the site.

[Passive treatment walls yes yes'

Chemical oxidation yes yes' [A pilot study woutd be needed for most all in-situ candidates,
including groundwater chemical oxidation, comect?}

Chemical reduction no - Further reduction of the constituents of concern would not likely

naform them into hammiless byproducts.
Disposal | Reinjection yes yes ‘l|>
Off-site disposal _yes yes
DNAPL ACCess Restrictions Excavation restrictions yes yes
[Deed restrictions yes yes |
Permits yes yes |
DNAPL Tech Evaluation_11-05 6
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OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES

§ 2 0. §
26 ﬁéigg
82 EEELT
General $ g E =0 :é 9
Medium Response Action | Candlidate Technology O o = s COMMENTS
Monitoring Monitoring flow and con- y [Should we change this to MNA? Some attenutation of the plume}
taminant concentration be occumming naturally, and the monitering of the flow and
concentration would be used to assess the extent of attenuation,)
Containment Slurry wall yes yes |
Grout/concrete curtain wall]] ~  yes yos I
Somtive barrler “ yes yes
Sheet-pile wall yes yes
Reverse-gradient extractior| yes yes Even though the hydraulic gradients already point inward toward
system. DNAPL, this technology could be applied if the gradients
. nge.
Fluid Collection Mechanlcal excavation yes yes
Gravity recovery trenches yes yes' Passive treatment consisting of horizontal trenches
Recovery wells yes yes' Passive (gravity) or active (pumping) treatment of DNAPL from
rtical wells
Water Flood recovery yes ves' ould include either recovery wells or trenches.
Dynamic underground yes yes' IlWouId include extraction wells or trenches, ds well as SVE
stripping (DUS)
Dual phase extraction no - Generally applles to low permeability subsurfaces; therefore it is
not an applicable technology to this site.
Surfactant/cosolvent yos yes' Injection of a solution capable of enhancing transport of
flooding hemicals to elther recovery wells or trenches
Steam/hot water floodng yes yes' [[Would include efther recovery wells or trenches.
Treatment DUS with Hydrous pyrolysig yes yes' IRepor‘tedly removes constituents through volatilization and
oxidation (HPO) destruction {(oxidation)
Six-phase heating yes yes’ In situ heating and steam production improves volatilization and
destruction rates.

DN.Tech Evaluation_11-05 . Sediments, GW, & E.’Ls (yes)




OGD&AILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS

IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY MEDIA AND TECHNOLOGIES ]

&
£ 1
20
ws
€9z
General 7} % Q
Medium Response Action | Candidate Technology 3] COMMENTS
S e p— e —— — - E— T ———
Enhanced desorption and | - Innapproriate technotogy because it applies to chlorinated sovient
bloremediation | DNAPLSs.
In situ thermal destruction yes ves’ [[Boils NAPL and groundwater to destroy the contaminant in situ
In situ chemical oxidation yes yeg Injection of oxidizing agents to promote abiotic oxidation of
ntaminants.
Passive treatment walls yos yes' all media would treat DNAPL as the fluid passes through the
| ] il gate.
Off-site treatment J yes 1
Disposal - Off-aite disposal yes _yes |

1sufficient data exists to evaluate this technology in the FS. Ifthe FS identifies this technology as part of the recommended remedy, pilot testing will be required for design,

DNAPL Tech Evaluation_11-05
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OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY “
&~ | o i
AL R
e | £ u &
General 'E 2 g o
Medium Response Action | Candidate Technology ; 0= 8 & COMMENTS
Sediments (218t Street  [Access Restrictions Excavation Restrictions y RI data adequate for evaluation (FSP 3. 4 3. 6 B.3.1; 6.3. 2}
Pon Fences yes _yes RI data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Permits yes yes RI data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Deed Restrictions yes yos RI data adequate for evaluation (FSP 3.4; 3.6, 6.3.1, 6.3.2)
Contalnment Native soll cap yas yes RI data adequate for evaluation (FSP 3.4 3.6, 6.3.1,63.2)
Clay cap yos yes [IR! data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Synthetic membrane | yes yes R| data adequate for evaluation (FSP 3.4; 3.6, 6.3.1;68.3.2)
Asphatt of concrete cap yes yes RI data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Multilayered cap yes yes | data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Chemicat no(?) yes R| data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
sealant/stabilizers .
Excavation and Removal  |Mechanical excavation yes yos [IR1 data adequate for evalustion (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Dewsatering yes yes [IR! gata adequate for evaluation (FSP 3.4; 3.6, 6.3.1, 6.3.2)
Caonsolidation in a designed]! yes yes “Rl data adequate for evaluation (FSP 3.4; 3.6; 6 3.1;63.2)
cell on site
Remote disposal yes yos [IRI data adequate for evalustion (FSP 3.4, 3.6; 6. 3 1; 6.3.2)
Soll Treatment Solidification and/or yes yes RI data adequate for evaluation (FSP 3.4; 3.6 6.3.1. 6.3.2)
stabilization
Incineration yes yes R data adequate for evaluation (FSP 3.4; 3.6, 6.3.1; 6.3.2)
Biodegradation yes yes RI data adequate for evaluation (FSP 3.4; 3.6; 6.3.1; 6.3.2)
Groundwater Monitoring Monitored natural ves yes "RI data adequate for evaluation (FSP 3.5; 6.3.1)
attenuation
Monitoring flow and con- yos yes R data adequate for evaluation (FSP 3.5; 6.3.1)
teminant concentration
Access Restrictlons Deed restrictions- yas yes Rl data adequate for evaluation (FSP 3.5; 6.3.1)
Permits yes yes [IRI data adequate for evaluation (FSP 3.5; 6.3.1)
Containment Slurry wall yes yes [IR! data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Grout/concrete curtain wall yes yes ||RI data adequate for evaluation (FSP 3.5; 3.6: 6.3.1; 6.3.2)

Dl’. Tech Evaluation_11-05 Sediments, GW, &.PL (FSP)
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ALTERNATNES IDENTIFICATION AND EVALUATION PROCESS
"IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

T e v T— ——
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES i APPLICABILITY
[l
D~ ]
2 -
52 [£5E3L
L3 EE WS
: F2g g 3 = % £e
General £§2 ELEY
Medium Response Action | Candidate Technology 868 6=2¢8§ COMMENTS
—— e -
Cement-bentonite slurry yes Rl data adequate for evaluation (FSP 3.5; 3.6, 6.3.1;6.3.2)
wall
Sormptive barmier : yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
| Sheet-pile wall yes yas RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Reverse-gradient extract yes yes RI data adequate for evaluation {(FSP 3.5; 3.6; 6.3.1; 6.3.2)
eystom "
Vibrating beam barrler yes yes RI data adequate for evaluation (FSP 3.5; 3.6, 6.3.1;6.3.2)
installation
Permmeability reduction yes yes RI data adequate for evaluation {FSP 3.5; 3.6; 6.3.1; 6.3.2)
agents .
Ground freezing yes yes Rl data adequate for evaluation (FSP 3.5; 3.6;6.3.1,6.3.2)
Block displacement no(?) yes: R data adequate for evaluation (FSP 3.5; 3.6; 6.3.1;6.3.2)
Liners yes yes R| data adequate for evaluation (FSP 3.5; 3.6; 6.3.1,6.3.2)
Collection Extraction wells yes yes RI data adequate for evatuation (FSP 3.5; 3.6; 6.3.1; 6.3.2) [Why |
[ s this adequate for GW but not for DNAPL?]-
Extraction trench “ yes yes R) data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
One-pass Trenching yos yes |R1 data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Ex-Situ Biological Aeroblc bloreactor yes yes Sufficlent data exists to evaluate this technology. Ifthe FS
Treatment with Direct identifies this technology as part of the recommended remedy,
POTW Discharge pilot testing will be required for design.
Anaerobic bioreactor yes yes ufficlent data exists to evaluate this technology. 1If the FS
entifies this technology as part of the recommended remedy,
ilot testing wili be required for design.
in-Shu Biologlcal Treatment;Aerobic cometabolic no(?) yes
biodegradation __
Anaerobic bloremediation yes yes Sufficient data exists to evaluate this technology. Ifthe FS
entifies this technology as part of the recommended remedy,
lict testing will be required for design.
DNAPL Tech Evaluation_11-05 10
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ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

=ﬁ=m
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES

LICABILITY

A

General
Medium Response Action

Candldate Technology

Phytoremediation

|

i ollowing the

Data to Eval-

ate in the FS7

COMMENTS

ISufficient data exists to evaluate this technology. If the FS
dentifies this technology as part of the recommended remedy,
pllot testing will be required for design.

Dl.. Tech Evaluation_11-05

Bioremediation yos yes ufficient data exists to evaluate this technaglogy. if the FS
Enhancements identifies this technology as part of the recommended remedy,
pilot testing will be required for design.
Ex-Situ Physical-Chemical |Activated carbon yes yas RI data adequate for evaluation {(FSP 3.5; 6.3.1)
Treatment with Direct Chemical oxidation yes yes RI data adequate for evaluation (FSP 3.5; 6.3.1)
POTW Discharge Chemical reduction no{?) yes Rl data adequate for evaluation (FSP 3.5; 6.3.1)

Alr stripping_ yes yes IR data adequate for evaluation (FSP 3.5; 6.3.1)

Filtration yes no Rl data adequats for evaluation (FSP 3.5; 6.3.1)

lon axchange no yes. R} data adequate for evaluation {(FSP 3.5; 6.3.1)

Pracipitation no yos R data adequate for evaluation (FSP 3.5; 6.3.1)

Reaction wall yes yos RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
in-Situ Physical-Chemical |Pneumatic fracturing yas yes R! data adequate for evaluation @P 3.5;3.6;,6,3.1;6.3.2)
Treatment Hydraulic fracturing  yes yos Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Alr sparging _yes yes “T_I data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Electrokinetic treatment no ves Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1: 6.3.2)

Passivae treatment walls yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Chemical oxidation yes yes R| data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Chemical reduction no (7} yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Disposal Relnjection yes yes Rl data adequate for evaluation (FSP 3.5: 3.6; 6.3.1; 6,3.2)

Off-site disposal yes yes [IR! data adequate for evaluation (FSP 3.5; 6.3.1)

ONAPL Access Restrictions Excavation restrictions yes yes “@ data adequate for evaluation (FSP 3.5; 3.6: 6.3.1, 6.3.2)

Deed restrictions yes - yes RI date adequate for evaluation (FSP 3.5, 3.6; 6.3.1; 6.3.2)

Permnits yes yes R| data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Monlftoring Monitoring flow ang con- yes yes R{ data adequate for evaluation {(FSP 3.5; 6.3.1)

taminant concentration
Containment Slurry wall yes yes {IRI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2}

Sediments, GW, &.PL {FSP)




POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES

OGDQRAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS

IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

— o -
- APPLICABILITY

|

@
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% e
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Medium O COMMENTS
= —
RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Sorptive barrier " yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Sheat-pite wall yes yos RI date adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Reverse-gradient axtracﬁor“ yes yos RI data adequate for evatuation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

system.

Hydraulic barrier | yes yes RI data adequate for evafuation (FSP 3.5; 3.6: 6.3.1; 6.3.2)

Reverse-gradient extracth yes yes Ri data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

system.

Vibrating Beam Barrier yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Installation

Permeability reduction “ yes yes RI data adequate for evafuation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

jagents-

Ground freezing yes yes ufficient data exists to evaluate this technology. If the FS
identifies this technology as part of the recommended remedy,
pilot testing will be required for design.

Block displacement yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1, 6.3.2)

Liners yes yes RI data adequate for avaluation (FSP 3.5; 3.6; 6.3.1,6.3.2)

Collection Mechanical excavation || yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Extraction wells yes yes ufficient data exists to evaluate this technology. If the FS

dentifies this technology as part of the recommended remedy,
. lfot testing will be required for design.

Extraction trench yes yes Sufficlent data exists to evaluate this technology. If the FS
Identifies this technology as part of the recommended remedy,
pilot testing will be required for design.

One-pass trenching yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)

Treatment Pretreatment & direct yeg (?) yes " IRl data adequate for evaluation {FSP 3.5; 6.3.1)

POTW discharge .

DNAPL Tech Evaluation_11-05 12 Sediments, GW, & DNAPL (FSP)
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POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES

OGDEN RAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS

IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

General
Medium

Response Actlon _gandldate Technology

D.L Tech Evaluation_11-05

COMMENTS

“[Steam/hot water floodng ufficient data exists to evaluate this technology. if the FS
identifles this technofogy as part of the recommended remedy,
ilot testing will be required for deslign,
[Dynamic underground yes yes |me data exists to evaluate this technology. Ifthe FS
stripping {DUS) dentifies this technology as part of the recommended remedy,
L piiot testing will be required for design,

DUS with hydrous pyrolysi yes yes Sufficlent data exists to evaluate this technology. If the FS

oxidation (HPO) s“ dentifies this technology as part of the recommended remedy,

Six-phase heating yes yes ufficlent data exists to evaluate this technology. If the FS
dentifies this technology as part of the recommended remedy,

llot testing will be required for design.

Enhanced desorption and yes yes ufficient data exists to evaluate this technology. Ifthe FS

bioremediation Identifles this technology as part of the recommended remedy,

llot testing will be required for design.

In situ thermal destruction yes yes ufficient data exists to evaluate this technology. Ifthe FS

entifles this technology as part of the recommended remedy,
pilot testing will be required for design.

In situ chemical oxidation yes yes Sufficient data exists to evaluate this technofogy. If the FS

entifies this technology as part of the recommended remedy,
phiot testing will be required for design.

Surfactant/Cosolvent yes yes ufficlent data exists {0 evaluate this technology. 1f the FS

fiooding identifles this technology as part of the recommended remedy,
pilot testing will be required for design.

Enhanced thermal recovery, yes yes utficient data exists to evaluate this technology. If the FS
identifies this technology as part of the recommended remedy,
pllot testing will be required for design.

Phytoremediation yes yes ufficient data exists to evaluate this technology. if the FS

identifies this technolegy as part of the recommended remedy,
pllot testing will be required for design.

Sediments, GW, e..qu (FSP)




OGDQRAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

DNAPL Tech Evaluation_11-05

o ~——_
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY
o~
2 | £
§za |9
g8 S iz
General £ES§8 |85
Medium Response Action | Candidate Technology|| 2 83 & |3 = COMMENTS

Dual phase extraction yes ufficient data exists to evaluate this technology. If the FS
identifies this technology as part of the recommended remedy,

| pilot testing will be required for design.

Passive treatment walls yes yes Sufficient data exists to evaluate this technology. If the FS
identifies this technology as part of the recommended remedy,
pltot testing will be required for design.

Off-site treatment | yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2}

Disposal Off-site disposal || yes yos RI data adequate for evaluation (FSP 3.5: 3.6: 6.3.1;6.3.2)
—— o —— o ———— ——— -
14

Sediments, GW, & DNAPL (FSP)
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June 2, 2000

Mr. Mario Robles, 8EPR-SR

United States Environmental Protection Agency
999 18th Street, Suite 500

Denver, CO 80202-2466

RE: Ogden Railyard Selection of Candidate Technologies for Site Remediation
CERCLA 8-99-12

Dear Mr. Robles:

Safety-Kleen Consulting (SKC), on behalf of Union Pacific Railroad (UPRR), has completed an
initial selection of technologies which appear to be the most likely candidates for implementation
at the Ogden Railyard site. The identification of candidate technologies is based upon what is
currently known about site conditions. The list of technologies may change in the future as a
result of additional data collection and the results of the human health and ecological risk
assessment.

The identification of candidate technologies has the purpose of determining if currently available
data as well as that to be generated during the Remedial Investigation (RI) will be adequate to
evaluate feasibility of technologies during the Feasibility Study (FS). Candidate technologies
were identified based upon contaminants of concern and the likely media impacted by each. The
contaminants of concem and their associated media are;

Vinyl chlonde (air, soil, groundwater);
Dense nonaqueous-phase liquids (DNAPL) (air, soil, groundwater, surface water, sediment,
free-phase DNAPL),
Sludge (no associated medium);
Diesel (air, soil, groundwater, free-phase LNAPLY); and
e Metals (surface soil hot spots).

The attached table summarizes the candidate technologies for each contaminant of concern and
medium. The table also indicates, based upon the information currently available, if existing
information and RI data will be sufficient to evaluate each technology during the FS. For each
technology the table indicates, in the “Comments” column, the sections of the Field Sampling
Plan which will provide data needed to evaluate the technology. If it appears the data will not be
adequate, then the table briefly describes the additional investigations, including treatability and
pilot studies, that will be necessary.

5665 FLATIRON PARKWAY BOULDER, COLORADD 80301 303/938-5500 FAX 303/938-5520




UPRR and its consultants are prepared to discuss with you this summary of candidate
technologies once you have completed your review.

Yours truly,

m:&.m,,,

Mark L. Gallup, P.E.
Senior Engineer

cc:  Gary Honeyman, UPRR
Keith Piontek, Forrester Group
Tom Sale '
Michael Storck, UTDEQ
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POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES

OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS

IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: VINYL CHLORIDE

— o ——— - —
APPLICABILITY

General

Medium Response Action Candldate Technology

| COMMENTS

[air No Action Rl data adequate for evaluation (FSP 3.7; 3.8.3; 6.3.3)
Monitoring Monitoring in buildings R| data adequate for evaiuation (FSP 3.7; 3.8.3; 6.3.3)
Capping Single barrier: geo- RI data adequate for evaluation (FSP 3.1; 3.6; 3.7; 3.8.3; 6.3.2;
membrans .3.3)
Composite barrler RI data adequate for evatuation (FSP 3.1; 3.6; 3.7; 3.8.3; 6.3.2;
6.3.3)
Venting Passive venting Rl data adequate for evaluation (FSP 3.1; 3.6; 3.7; 3.8.3; 6.3.2;
.3.3)
Active venting RI data adequate for evaluation (FSP 3.1; 3.6; 3.7; 3.8.3; 6.3.2;
yes yes .3.3)
Treatment Thermal destruction yes yes Rl data adequate for evaluation ( FSP 3.7,3.83:63.3)
Groundwater Monitoring Monitored natural RI data adequate for evaluation (FSP 3.5; 3.8.3: 6.3.1)
attenuation yes yes
Monitoring flow and con- ' R data adequate for evaluation (FSP 3.5; 3.8.3; 6.3.1)
taminant concentration yes yes .
Containment Slumy wall Ri data adequate for evaluation (FSP 3.5; 3.6; 3.8.3;6.3.1;6.3.2)
yes yes
Grout/concrete curtain wall RI data adequate for evaluation (FSP 3.5; 3.6; 3.8.3;6.3.1:6.3.2)
yes yes
Sorptive bamier RI data adequate for evaluation (FSP 3.5; 3.6; 3.8.3. 6.3.1: 6,3.2}
yes yes
Sheet-pila wall R1 data adequate for evatuation (FSP 3.5; 3.6; 3.8.3; 6.3.1,6.32}
yes yes
Reverse-gradient extractiory| RI data adequate for evatuation (FSP 3.5; 3.6; 3.8.3: 6.3.1;6.3.2
system. yes yes
Hydraullc barrier RI data adequate for evaluation (FSP 3.5; 3.6; 3.8.3; 6.3.1, 6.3.2)
yes yes
Groundwater (cont.) Collection Extraction wells ||RI data adequate for evaluation (FSP 3.5; 3.6; 3.8.3: 6.3.1; 6.3.2)
yes
c echs Ogden 060200 . vC




OGD&RAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: VINYL CHLORIDE

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES I APPLICABILITY
o~ o
3-8 (285
g o |EEE
gE > gaf
General = § 2 22z
Medium Response Action | Candidate Technology 852 |3 = 3 COMMENTS
n Exiraction trench data adequate for evaluation (I'=SP 3.5; 3.6; 3.8.3;6.3.1,6.3.2
yes yes __ '
Chemical Treatment Pretreatment & direct data adequate for evaluation (FSP 3.5; 3.8.3; 6.3.1)
POTW discharge yes yes !
Biological Treatment Biodegradation are may be value in evaluating the rate of vinyl chioride :
yes possibly biodegradation under aerobic conditions
Physical Treatment Activated carbon yes yes R| data adequate for evaluation (FSP 3.5; 3.8.3; 6.3.1) .
Reaction wall RI data adequate for evatuation (FSP 3.5; 3.6; 3.8.3;6.3.1;6.3.2 :
yes yes :
Disposal Relnjection RI1 data adequate for evaluation (FSP 3.5; 3.6; 3.8.3;6.3.1;6.3.2 |
yes yeos — |
Off-site dlsgl yes Y03= R| data adequate for evaluation (FS|I=’al 3.5;3.8.1;6.3.1)
2 vC

Cand Techs Ogden 060200



OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

C,.T echs Ogden 060200

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY |
£2¥3
o
T
LE
General 220 g
Medium Response Action | Candidate Technology o= 9 . COMMENTS
e No Action yes |§l data adequate for evaluation (FSP 3.7; 6.3.3)
Monitoring Manitaring In bulldings yes RI data adequate for evaluation (FSP 3.7; 6.3.3)
Capping Single barrier: geo- Rl data adequste for evaluation (FSP 3.1; 2.6, 3.7: 6.3.2, 6.3.3)
membrane yos yes
Composite barmier R data adequate for evaluation (FSP 3.1; 3.6, 3.7, 6.3.2; 6.3.3)
yes yes
Venting Passive venting RI data adequate for evaluation (FSP 3.1; 3.6; 3.7; 6.3.2; 6.3.3)
yes yes
Active venting & RI data adequate for evaluation (FSP 3.1; 3.6; 3.7; 6.3.2; 6.3.3)
yas yes
Treatment Thermal destruction yes yes Rl data adequate for evaluation (FSP 3.7; 6.3.3)
Soils Access Restrictions Excavation restrictions yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Capping Native soll to prevent direct yes yes R data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6,3.2)
contact
Excavation and Removal (Mechanical excavation yes yos lBI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Consolidation In 2 designed|! yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
cell on site
|Remote disposal “yes yes IIR1 data adequate for evaluation (FSP 3.5, 3.6, 6.3.1; 6.3.2)
Soil Treatment Alr stripping yas yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Vacuum extraction of yes yes R data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
contaminants
Low-temperature thermal yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1;6.3.2)
volatilization L o
Blodegradation yes yos RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6,.3.2)
Vapor axtraction yes yes [|R! data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Off-site treatment ~yes yes [IR! data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Groundwater Monitoring Monitored natural yes yes ||Rl data adequate for evaluation (FSP 3.5; 6.3.1)
attenuation

. DNAPLs




OGDQRAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY AFFECTED MEDIA AND TECHNCLOGIES APPLICABILITY o
General
Medium Response Action Candidate Technology CONMENTS
e ——
Monitoring flow and con- R data adequate for avaluation (FSP 3.5; 6.3.1)
taminant concentration
Access Restrictions Restrictions on ground- yes yos RI data adequate for evaluation {(FSP 3.5; 6.3.1)
'water use
Contalnment Slurry wall yes yes RI data adequate for evaluation {FSP 3.5; 2.6; 6.3.1; 6.3.2)
Grout/concrete curtain wall yeos yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
.| Sorptive barmier yes yos RI data adaquate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Sheet-pile wall yes yes R data edequate for evaluation (FSP 3.5; 3.6; 6.3.1, 6.3.2)
Reverse-gradient extractiong yes yes RI data adequate for evaluation (FSP 3.5; 3.6.6.2.1,6.2.2)
system. .
Hydraulic barrier yos yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Coflection Extraction wells yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
_ Extraction trench yes yes RI date adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Chemical Treatment Pretreatment & direct yes yes R data adequate for evaluation (FSP 3.5; 6.3.1)
POTW discharge
Blological Treatment Blodegradation yes ere may be value in evaiuating the rate of DNAPL hydrocarboi
) H possibly blodegradation under aerobic conditions
Physical Treatment Activated carbon | yes yes { data adequate for evaluation (FSP 3.5; 6.3.1)
Reaction wall “ yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Disposal Reinjection yes yas Rl deta adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Qff-site disposal I yes yes RI data adequate for evaluation (FSP 3.5; 6.3.1)
Surface Water (215t Monitoring Moniored natural || yes yes RY data adequate for evaluation (FSP 3.3; 3.8.1; 6.3.1)
Street Pond) attenuation '
Contaminant concentra- yes yes Rl data adequate for evaluation (FSP 3.3; 3.8.1; 6.3.1)
tion monitoting _
Access Restrictions Fishing prohibition “ yes yes } data adequate for evaluation (FSP 3.3; 3.8.1; 6.3.1)
Fencing yes yes R) data adequate for evaluation (FSP 3.3; 3.8.1; 6.3.1)
Cand Techs Ogden 060200 ' 4
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OGDEN RAILYARD

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

1 m. ——
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES | APPLICABILITY ||
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General g -§ s 'E
Medlum Response Action | Candidate Technology|| 8 2 0 & COMMENTS
Sludge (21st St Pond) |Excavation and Removal [Mechanical excavation Il yes RI data adequate for evaluation (FSP 3.4; 3.8.1;6.3.1)
To be addressed through Dewatering yes yes RI data adequate for evaluation (FSP 3.4; 3.8.1; 6.3.1)
llinterim response action
Consolidation in a desigred| yes yes R! data adequate for evaluation (FSP 3.4; 3.8.1; 6.3.1)
cell on site
[Remote disposal yes yas Rl data adequate for evaluation (FSP 3.4; 3.8.1; 6.3.1)
Treatment Solidification and/or yes yes R data adequate for evaluation (FSP 3.4; 3.8.1; 6.3.1)
stabilization .
QOn-site Inclneration yes yes. R data adequate for evaluation (FSP 3.4; 3.8.1,6.3.1)
DNAPL Monitoring Monitoring flow and con- yes yes RI data adequate for evaluation (FSP 3.5; 6.3.1)
taminant concentration
Containment Slurry wall yos yes R data adequate for evaluation (FSP 3.5; 3.6;6.3.1; 6.3.2)
Grout/concrete curtain wal yes yes R data adequate for evaluation (FSP 3.5; 3.6: 6,3.1; 6.3.2)
Somptive barrier yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Sheet-plle wall | yeos yes R| data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Reverse-gradient extractior*l yes yes R| data adequate for evaluation {FSP 3.5; 3.6; 6.3.1; 6.3.2)
gystem.
IDNAPL {(cont.) Containment (cont.) Hydraulic barrier yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1,6.3.2)
Collection Mechanical excavation yes yes ||Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1;6.3.2)
Extraction wells yes no [[Pitot testing will be required
Extraction trench yes no [iPilot testing will be required
Treatment Pretreatment & direct yes yes “Rl data adequate for evaluation (FSP 3.5; 6.3.1)
POTW discharge .
echs Ogden 060200 . DNAPLs




. OGEg RAILYARD ' .

ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DNAPL HYDROCARBONS

POTENTIALLY AFFECTED ME
General
Medium Response Action Candidate Technology { COMMENTS
In situ chemicel oxidation Sufﬁcient data exists to evaluate these technologies. If the FS
(identifies this technology as part of the recommended remedy,
pilot testing will be required for design.

Surfactant water flooding ufficlent data exlsts to evaluate these technologies. if the FS
fdentifies this technology as part of the recommended remedy,
pilot testing will be required for design.

Steam/Mot water floodng Sufficient data exists to evaluate these technologies. If the FS
identifies this technology as part of the recommended remedy,
[pitot testing will be required for design.

Off-site treatment yes yas Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3,2)

Disposal o Off-site disposal J_l yes yes Rt data adequate for evaluation (FSP 3.5: 3.6:6.3.1;6.3.2)

Cand Techs Ogden 060200 6 DNAPLS



* OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: LOW pH SLUDGE

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY |
o
=
2320
SEF
Genoral 35 e 'E
Mediumn Response Acton | Candidate Technology]| S 2 9 COMMENTS
f{Sludge Access Restrictions Fencing I yes RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
Capping Native soif to prevent direct Rl data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
contact yos yos
Capillary break cap yos yes RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
Single barrier: geo- RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
membrane yes yas
Single barer: low R! data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
permeability soi} yos yes
Single bamer: geosyn- Rl data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
thetic clay liner (GCL) yes yes
Composite barrier ‘» yes yes RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
Excavation and Removal |Mechanical excavation || yes yes_ |[RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
Consolidetion in a deslgnetfl RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
cell on site yes yos '
Remote disposal yos yes RI data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
Treatment Solidification and/or Rl data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2).
stabilization yes ~ yes reatabllity testing has previously been performed,
On-site incineration yes yas E data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.3.2)
Compaosting yes __yes R! data adequate for evaluation (FSP 3.8.5;6.3.1; 6.3.2)
Land spreading yes yes Rl data adequate for evaluation (FSP 3.8.5; 6.3.1; 6.2.2)
Off-site treatment yes yes _|IRI data adequate for evaluation (FSP 3.8.5: 6.3.1; 6.3.2)

® .
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OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DIESEL

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY ||
S | 2 o= o
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General €88 227 Se
Medium Response Action | Candidate Technology| 2 852 (S= 28 & COMMENTS
e = - _ T S ———r o e
lAir No Action yes | data adequate for evaluation (FSP 3.7; 6.3.3)
Monitoring Monitoring in bulldings yes yes [[RI data adequate for evaluation (FSP 3.7; 6.3.3)
Capping Single bartler: geo- RI data adequate for evaluation (FSP 3.1; 3.6; 3.7, 6.3.2, 6.3.3)
membrane yes yes .
Composite barrier RI data adequate for evaluation (FSP 3.1; 3.6; 3.7, 6.3.2; 6.3.3)
: yes yes
Venting Passive venting II ' RI data adequate for evaluation (FSP 3.1; 3.6; 3.7, 6.3.2; 6.3.3)
yes yes
Active venting I' 1 data adequate for evaluation (FSP 3.1; 3.6; 3.7, 6.3.2, 6.3.3)
yes yes
Treatment Thermal destruction | yes yes R! data adequate for evaluation (FSP 3.7; 6.3.3)
[|Soils Access Restrictions Excavation restrictions | yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1;6.3.2)
Capping Native soll to prevent dlre-:t" yes yes RI data adequate for evaluation (FSP 3.5; 3.5; 6.3.1; 6.3.2)
contact -
[Excavation and Removal  |[Mechanical excavation yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Consolidation in a design yes yes | data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
cell on site
Remote disposal I yos yes Rl data adequate for evaluation (FSP 3.5; 3.6, 6.3.1; 6.3.2)
Sofl Treatment Air stripping ves yes i data adequate for evaluation (FSP 3.5;'3.6; 6.3.1; 6.3.2)
Vacuum extraction of yes yes R! data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
contaminants
On-site incineration | yes _yes | data adequate for evaiuation {FSP 3.5; 3.6; 6.3.1; 6.3.2)
Low-ternperature thermal yes yes | data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
volatilization
Biodegradation ~yes yes RI data adequate for evaluation (FSP 3.5; 3.6, 6.3.1. 6.3.2)
Groundwater Monitoring Monitored natural || yes 'yes RI data adequate for evaluation (FSP 3.5; 6.3.1)
attenuation
Cand Techs Ogden 060200 8 Diesel




POTENTIALLY AFFECTED AND TECHNOLOGIES

OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DIESEL

— APPLICABILITY
>
2555
EeS &8
c
General i 858
Medlum Response Action | Candidate Technology S5 COMMENTS
e e ——
Monitoring flow and con- yes RI data adequate for evaluation {FSF 3.5; 6.3.1)
taminant concentration : _
Containment Slurry wall yes yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Grout/concrete curtain wall yes yes RI data adequate for evaluation (FSP 3.5; 3.6;6.3.1; 6.3.2)
Sorptive barrler yos yes RI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Sheat-pile wall yos yes RI deta adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Reverse-gradient extractiorn)| yes yes Rl data adequate for evaluation (FSP 3.5; 3.6;6.2.1,6.3.2)
gystem.
Bottom sealing yes yes R data adequate for evaluation (FSP 1.5; 3.6; 6.3.1; 6.3.2)
Hydraulic barrier yes yes R| data adequate for evaluation (FSP 3.5; 3.6; 6.3,1;6.3.2)
Collection Extraction wells yes yes RI data adequate for evaluation {FSP 3.5; 3.6; 6.3.1; 6.3.2)
Extraction trench yas yes 1 data adequate for evaluation (FSP 3.5; 3.6: 6.3.1; 6.3.2)
Chemical Treatment Pretreatment & direct yes yes RI data adequate for evaluation (FSP 3.5; 6.3.1)
POTW discharge
Biologica! Treatment Biodegradation yes possibly ere may be value in evaluating the rate of LNAPL
iodegradation under aerobic conditions
Physical Treatment Activated carbon yes yes . RI data adequate for evaluation (FSP 3.5; 6.3.1)
Reaction wall yos yos %‘BI data adequate for evaluation (FSP 3.5; 3.6; 6.3.1: 6.3.2)
Disposail Reinjection yes yes Rl data adequate for evaluation (FSP 3.5; 3.6: 6.3.1; 6.3.2)
Off-site disposal yes yes [|R1 data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
C.Techs Qgden 060200 . 9 . Diesel




OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: DIESEL

POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY
| S (2gusD
Y g, 5579 2
223 |3=52=
General -§ 8 g |2 X ge
Medium Response Action | Candldate Technology o M COMMENTS
T ————
L NAPL Monitoring Monitoring flow and ¢on- yes yes RI data adequate for evaluation (FSP 3.5; 6.3.1)
taminant concentration
Containment Sturry wall yos yes RI data adequate for evaluation (FSP 3.5; 3.6;6.3.1,6.3.2)
Grout/concrete curtain wall “ yes yes RI data adequate for evalyation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Sorptive barrier f yes yes R data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Sheet-plie wall It yes yes R1 data adequate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
Reverse-gradient extracﬁor“ yes yes Rl data adequate for evaluation (FSP 3.5; 3.6; 6.3.1;6.3.2)
system,
Hydraufic barrier " yes yes RI data adequate for evaluation (FSP 3.5; 3.6 6.3.1,6.3.2)
Collection |Extraction wells yes yes Rl data adequate for evaluation {(FSP 3.5; 3.6; 6.3.1; 6.3.2)
Extraction trench yes yes data adaquate for evaluation (FSP 3.5; 3.6; 6.3.1; 6.3.2)
[Treatment Prefreatment & direct yes yes RI data adequate for evaluation (FSP 3.5;6.3.1)
POTW discharge _
Oftf-gite treatment yes Yos R data adequate for evaluation (FSP 3.5; 6.3.1)
Disposal Off-site disgsal yes RI data adequate for evaluation (FSP 3.5; 6,3.1)
o
Cand Techs Qgden 060200 10 Diese!



OGDEN RAILYARD
ALTERNATIVES IDENTIFICATION AND EVALUATION PROCESS
IDENTIFICATION OF CANDIDATE TECHNOLOGIES

CONTAMINANT OF CONCERN: METALS

e e——
POTENTIALLY AFFECTED MEDIA AND TECHNOLOGIES APPLICABILITY i I
General
Medium Response Actlon Candidate Technology COMMENTS
m-’
|[Hot Spots Access Restrictions |Excavation restrictions RI data adequate for evaﬁon (FSP 3.1, 6.3.1)
Fencing | yes 1 data adequate for evaluation (FSP 3.1; 6.3.1)
Isolation Natfve soil to prevent dlre:tn yes yes | data adequate for evaluation (FSP 2.1;6.3.1)
contact
Excavation and Removal |Mechanlcal excavation yés yes R deta adequate for evaluation (FSP 3.1, 6.3.1)
Consolidation in a designaql Ri data adequate for evaluation (FSP 3.1; 6.3.1)
cell on site yes yes
Remote disposal yas - yes RI data adeguate for evaluation {(FSP 3.1; g‘ﬂ)

. Metals

c’r echs Ogden 060200
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MNA MODELING
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Date: October 29, 2003
To: File
From: Jay Hoskins

Subject: UPRR Ogden Rail Yard
Estimating Cleanup Times Associated with MNA—Part I
Modeling Objectives and Data Requirements

Monitored Natural Attenwation (MNA) is a technology that will be evalvated for groundwater impacted
with chlorinated solvents at the Ogden Rail Yard. Consistent with USEPA OSWER Directive 9200.4-
17P, alternatives that incorporate MNA will include an estimation of cleanup time.

The software package Natural Attenuation Software (NAS) Version 1.2.2 was developed especially for
estimating the time required for MNA to cleanup groundwater. NAS can be used for sites where
petroleurn hydrocarbons and/or chlorinated solvents are present in groundwater. Details on the
development and application of NAS software are available in Methodology for Estimating Times of
Remediation Associated with Monitored Natural Attenuation (Chapelle et. al, 2003). The NAS Software
can be used to estimate the time required for NAPL to dissolve and disperse (i.e., the length of time
required for MNA to cleanup groundwater with limited or without any source removal). These types of
calculations are called “Time of Remediation” (TOR) calculations.'

The purpose of this workplan is to define the objectives of this work and to outline the parameters that
will be used in NAS to analyze the northern vinyl chloride plume at the Ogden Railyard.

MODELING OBJECTIVE

Figure 2.1 of the Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in
Groundwater (USEPA, 1998) outlines the steps that need to be taken in a natural attenuation assessment.
The overall objective of the modeling work is to help complete remaining steps needed to navigate
through this decision tree. A key question that must be answered in an MNA analysis is “Is it likely that
site contaminants are attenuating at rates sufficient to meet remediation objectives for the site in a time
period that is reasonable compared to other alternatives?” As discussed in Section 7, the only RAQ that
MNA does not achieve in a short time period is groundwater restoration. Thus, the specific objective of
the modeling work is to develop Time of Remediation (“TOR™) estimates for restoring aquifer to MCLs.

DATA REQUIREMENTS
The list of data NAS data requirements includes:

¢ Hydrogeologic Data.

! TOR is defined in NAS as the time required to lower aqueous phase contaminants associated with a NAPL source below a given
threshold directly downgradient of the NAPL.
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¢ Contaminant Data.
. « Redox Data,

e Source and Remediation Compliance Data/Estimates.
Hydrogeologic Data

NAS allows the user to input degradation rates for a range of hydraulic conductivities, hydraulic
gradients, and organic carbon fractions (f,.). For total porosity, effective porosity, and contaminated
aquifer thickness, NAS uses an “average or best estimate” value. Table 1 summarizes the hydrogeologic
data that will be used in the modeling.

¢ The range of hydraulic conductivity (28-280 feet/day) and hydraulic gradient values {0.004-
0.007 foot/foot) to be used are the same values used to estimate degradation rates in
Appendix L of the RI Report.

» f, values from geotechnical tests performed on site soil ranged from 0.001-0.009 and
averaged 0.004 (Table 2).

o Effective and total porosity is assumed to be 0.2. It is reasonable to assume that effective and
total porosity are the approximately the same given the porous gravels that compose the
alluvial aquifer.

¢ The alluvial aquifer is impacted throughout the saturated zone; based on hydrographs
presented in Appendix A, the average saturated thickness is estimated to be 10.5 feet.

NAS V. 1.2.1 assumes a dispersivity ratio of 1/20 (0.05). While dispersivity at the site may vary from this
assumption, the affect of this uncertainty on model output is anticipated to be low compared to other data
input (e.g., hydraulic conductivity).

Contaminant Data

NAS calculations are partly based on contaminant concentrations along the plume centerline. In Appendix
L of the RI Report, the contaminant data used to derive decay rates was taken from vinyl chloride
isoconcentration contour lines at points along the plume centerline. Because NAS examines data for
several contaminants at the same point, accurately interpreting multiple contaminant concentrations for
these same points along the isoconcentration contour lines is not possible.

Therefore, 2 modified version of the Appendix L. methodology was used. First, the plume centerline
between AOI-38 and 35-MW1 was identified from the vinyl chloride isoconcentration contour lines
shown in Figures O-1 to O-4 of Part 1 of the RI Report. Next, monitoring wells lying along the plume

2See Appendix L of the Rl Report for the rationale used to develop this range.
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centerline were identified for each figure. Afier examining all the figures, it was determined that more
monitoring wells fell along the plume centerline in January 2001 ‘han at any other time. Because the
plume is steady over the period June 2000-May 2001, data from January 2001 is representative of the
plume. Therefore, contaminant data collected in January 2001 will be modeled in NAS.

Seven monitoring wells lie approximately on the plume centerline in January 2001: 38-MW12, 22a-
MW6, 34¢-MW6, 34-MW1, 34-MW7D, and 35-MW1 (Figure l).3 Table 2 shows the concentration data
from these six monitoring wells. The distance between the wells was taken from the scale shown Figure
1. For the purposes of modeling, it is assumed that 38-MW12 is located at the source.

At Ogden Rail Yard, the vinyl chloride in the groundwater is believed to be the result of two primary
decay processes.

» PCE? TCE? 1,2-cis-DCE? Vinyl Chloride.
e 1,1,1-TCA? 1,1.DCE? Vinyl Chloride.’
To model these decay processes in NAS, three simplifying assumptions were made,

+ Small concentrations of PCE have been detected in groundwater. Vinyl chloride production
from PCE is neglected because the relative concentrations of PCE to TCE and 1,1,1-TCA in
. the northem plume is very low.

o The NAS v 1.2.1 code is not written for modeling the 1,1,1-TCA? 1,1-DCE? Vinyl Chloride
degradation chain. If 1,1,1-TCA and 1,1-DCE cencentrations are not accounted for at this
site, then calculations will underestimate cleanup time. Therefore, the model input uses a
“TCE” concentration that is equivalent to the sum of the measured 1,1,1-TCA and TCE
concentrations. Similarly, the model input uses a “cis-1,2-DCE” concentration that is
equivalent to the sum of the 1,1-DCE and cis-1,2-DCE concentrations.®

» Because 1,1,1-TCA and TCE, as well as 1,1-DCE and cis-1,2-DCE, have different sorptive
properties, transport calculation results will be different than if the chemicals were

individually considered. The effect that this assumption will have on the model’s precision is

? Because 22a-MW6 and 22-MWED is a well pair located at the same location, data from 22a-MW6D was not used In general,
concentrations at 22a-MW6 were higher than at 22a-MW6ED, Therefore, for purpeses of estimating cleanup time, data from 22a-
MWSE should be more conservative.

4 The source area is discussed further in “Source and Remediation Compliance Esfimates”.
% See Figure 5-5 of the Ogden R! for a graphical description of the decay chains that form vinyl chloride.

¢ Due to other degradation processes, not all 1,1,1-TCA will form 1,1-DCE and vinyl chloride. Therefore, including the 1,1,1-TCA
and 1,1-DCE concentrations helps conservatively predict when biodegradation processes can remediate the aquifer.
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anticipated to be relatively small, as indicated by the similar K. coefficients shown in Table
47

Redox Indicator Data

The primary purpose for entering the redox data into the NAS system is to analyze the geochemical
conditions with the software. Redox indicator data themselves have no effect on TOR estimates, and
therefore are not evaluated.

Source and Remediation Compliance Estimates

Limited data is available on source dimensions and composition. Therefore, modeling the source requires
that assumptions be made. A sensitivity analysis will be performed on source assumptions to asses the
level of certainty in model calculations.

Time of Remediation {“TOR™) Calculations

In NAS, the TOR compliance level is the aqueous phase TCE concentration that is to be achieved at the
source. At the site, the amount of required source remediation is driven by the ability to achieve the vinyl
chloride action level (2 ug/L) in groundwater. Therefore, the compliance concentration needs to reflect
the aqueous phase TCE and 1,1,1-TCA concentrations that are equivalent to the vinyl chloride action
level. Based on 1 mole of TCE or TCA forming 1 mole of vinyl chloride, the TCE/TCA source removal
goal is approximately 4 ug/L.?

In NAS, calculations performed to estimate TOR assume that the contaminant source is a DNAPL.
DNAPL has not been found at this site, and if it exists, is likely in pockets that defy delineation. None the
less, to estimate TOR, it is necessary to develop estimates on the extent and mass of DNAPL that may
exist in the aquifer.

TOR calculations in NAS are based on a source area that has a “cubic” configuration. The user is queried
about the length (perpendicular to groundwater flow), width (parallel to groundwater flow), and thickness
of the NAPL body. Because the exact configuration of a NAPL source is unknown, two source area
distributions will be modeled and the output compared.

e 200’ (I) x 200° (w) x 0.3" (h). This configuration is intended to represent the source as a
“pocket” of DNAPL in AQI-38. 0.3 feet of the saturated thickness is assumed to contain
source material.

7 within NAS, sorptive properties are fixed values. Therefore a sensitivity analysis on the difference in somptive properties cannof be
performed. However, this conclusion is reasonable when considering the relative similarity in K, values in comparison to other
input parameters, such as groundwater velocity, which may vary by an order of magnitude.

¥ The molecular weights of TCE, TCA, and vinyl chigride are 131.39 gimol, 133.4 g/mol, and 62.5 g/mol, respectively.
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999’ (1) x 40’ (w) x 0.3’ (h). The intent of this configuration is to model the source as a “line”
of contamination running through the railyard’ The volume of the “line” source is
approximately equivalent to the volume of the “pocket scurce” so that the source density (i.e.,
mass per volume) in both distributions is equivalent.

According to Chapelle et al. (2003), the most important factor in performing TOR calculations is the mass
of DNAPL present in the aquifer. DNAPL estimates were made from estimates on the mass of CVOCs
sorbed to soil and the mass fraction of CVOCs in groundwater at 38-MW12.

The mass of CVOCs sorbed to soil is estimated in Table 5. The 5 acre area between 38-
MW12 and 22a-MW6 is the most heavily impacted area of north plume groundwater. A total
CVOC soil concentration was calculated by generating a geometric average concentration of
based on soil data. Geometric average concentrations were generated two ways.

- Using all soil data (treating samples with non-detected concentrations as has having a
concentration equal to 2 the detection limit) collected from the interval 2-18 feet bgs, the
geometric average concentration of total CVOCs was calculated to be 0.053 mg/kg. The
mass of CVOCs sorbed to soil based on this concentration is estimated to be 20 lbs.

- Using only soil samples with detected concentrations of CVQCs, the geometric average
concentration of total CVOCs was calculated to be 6.8 mg/kg. The mass of CVOCs
sorbed to soil based on this concentration is estimated to be 2,500 lbs.

Based on these calculations, the range of CVOCs sorbed to soil is 20-2,500 Ibs. Assuming the
actual amount of CVOCs sorbed to soil is somewhere between these two numbers, the mass
of CVOCs in soil is conservatively estimated to be about 2,000 lbs. Assuming that the mass
of CVOCs in DNAPL and soil are equivalent and that the DNAPL is a 50:50 mixture of
chlorinated solvents and petroleum compounds, the “base.ine” mass of DNAPL is assumed to
be 4,000 lbs.

The CVOC composition of the DNAPL is estimated in Table 6 and is based on
NAPL/groundwater partitioning calculations. Mass fractions were calculated assuming that
groundwater concentrations at 38-MW12 are in equilibrium with DNAPL. The mass fraction
of CVOCs was then adjusted to 0.5 to reflect a DNAPL mixture that is a 50:50 mixture of
chlorinated solvents and petroleum compounds. To account for vinyl chloride formed from
1,1,1-TCA degradation, the mass fraction for TCE will reflect the sum of the TCE and 1,1,1-
TCA mass fractions. The cis-1,2-DCE mass fraction used in the model will be the sum of the
¢is-1,2-DCE and 1,1-DCE mass fractions.

TOR varies almost linearly with respect to NAPL mass for a given degradation rate. Because the mass of
the NAPL source at the Ogden Rail Yard is roughly estimated, the precision associated with this
calculation is expected to be small. To reflect this, a sensitivity analysis on TOR will be performed for

° NAS allows the user to input source dimensions up to 1000 feet.
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several DNAPL masses and the results plotted to show TOR vs. DNAPL Mass. While these calculations
are not expected to provide exact predictions for TOR, they can be used to provide a baseline for
evaluating the efficacy of source removal on reduction in plume length and cleanup times.

The efficacy of source removal on TOR will also be examined for each of the source distributions and
contaminant masses. TOR will be calculated for 10, 50, and 90 percent source removal of the estimated
4000 Ib source.
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Table 1

Hydrogeologic Data for NAS Modeling
UPRR Ogden Railyard

. Parameter Maximum . Average Minlmum
Hydraulic Conductivity (ft/d) 280 280 28
Hydraulic Gradient {ft/it) 0.007 0.004 0.004
Fraction of Organic Carbon (%) 0.9% 0.3% 0.1%
Total Porosity 0.2
Effective Porosity 0.2
Contaminated Aquifer
Thickness {ft) 10.5




Table 2
Site Geotechnical Data
UPRR Qgden Railyard

AQI 27 27 27 13 19 19 19 18 i) 12 12 12
Parameter Name Method |Units} 27-MW2-4 | 27-MW2.8 | 27-MW2-10 | 15-MW1ID-3 | 19-MWAD-5 | 19-MW1D-B ! 19-MW1D-16 | 19-MW1D-18 | 19MW1D-24 | 12-MW2D-2 | 12-MW2D-9 | 12-MW2D-13

Moisture ASTMD 2216 | % 9.8 12 7.7 9.3 11.8 15.4 27.3 28.1 26.8 2 2.5 31.4
Grain Size  (G,5.F) ASTM D 422 % 57:40:3 33:64:3 | 56:37.07 | 3:56:49 0:60:40 0:75:25 0:11:89 0:6:94 0:19:81 46:44:10 74:23:3 0:5.95
Alterberg Liquid Limil ASTM D 4318 NP NP NP NP NP NP a9 39 NP NP NP 40
Atterberg Plastic Limit ASTM D 4318 NP NP NP NP NP NP 17 17 NP NP NP 18
Atterberg Plasticity Index ASTM D 4318 NP NP NP NP NP NP 22 22 NP NP NP 22
Fraction Organic Carbon ASA-SSSA 0.001 0.001 0.001 0.007 0.002 0,005 0.003 0.005 0.001 0.009 0.001 0.004
Note: Fraction Organic Carbon
NP = Nonplastic Minimum 0.001

Average 0.003

Maxirmum 0.009




Table 3
January 2001 Contaminant Data Used in NAS
UPRR Qgden Railyard

Concentration {ug/L)
Well Name | Powngradient - cis-1,2-DCE
Distance (ft.) PCE TCE 1,1,1-TCA | TCE+TCA | cis-1,2-DCE | 1,1-DCE +1,1-DCE ve Totat CVOCs
38-MW12 0 7 370 2200 2570 3000 170 3170 820 6567
22A-MW6E 550 1U 2 310 312 1500 34 1534 2300 4146
34-MWE 930 iU 11U 7 7 93 1 94 1100 1201
34-MW1 1590 1U 06J 1U 0.6 6 1U 6 240 246
34-MW7D 2190 1U 1U 10 tU 1U 1U 1U 20 20
35-MW1 2710 1U 1U tU 1U iU 1U iU 2 2




Table 4
Sorption Parameters for Contaminants at the Ogden Railyard
UPRR Ogden Railyard

: VOC (Lkg)
Contaminant Default NAS Value | Literature Value'
PCE 364 209-238
TCE 126 87 - 150
1,1,1-TCA NA 183°
¢is-1,2-DCE 24 49- 802
1,1-DCE NA 64.6 - 150
Vinyl Chicride 57 0.4-56

! Taken from Table B.2.1 of Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solvents in
Groundwater, EPAJG00/R-98/128, September 1998,

2 Only one value provided. For all other contaminants,
a range of values was provided.

NA Not Available




Table 5

Sorbed CVOC Source Estimate Calculations

UPRR QOgden Rail Yard

_ Geometric Average Congentration
Detected Parameter | units All Samples Detects Only
1,1,1-TCA (mg/kg) 0.012 6.03
1,1-DCA (mg/kg) 0.017 0.11
cis-1,2-DCE (mg'kg) Only one detect
PCE (mg/kg) 0.015 0.39
TCE (mg’lllzaq) 0.0094 0.29
VO (mg/kg) Only one detect
[Total VOGS (mg/kg) 0.053 [ 6.8
LT : - _Geometric Average Mass
Detected Parameter | units All Samples Detects Only
1,1,1-TCA lbs 4 2,223
1,1-DCA Ibs 6 39
cis-1,2-DCE Ibs Not Calculated
PCE Ibs 5 143
TCE Ibs 3 106
Vo Tos Not Calculated
[Total VOCs Ibs 20 [ 2,500

Notes

Assumed soil density of 94 lbs/cf (1.5 g/cc)
Assumed volume of 5 acres over 18 feet deep {or 7.06E6 cf)

Soil sample locations included in average calculations were 22a-8B4,
222-MW6/6D, 38-B11P, -B12P, -B1P, -B2, -B3P, -85, and -MW12




Table 6

Sorbed VOCs: Source Estimate Calculations

UPRR QOgden Railyard

Groundwater Aqueous

Concentration Solubility® Mass Fraction
Unlts fug/L) (mg/L)
Constituent 38-MW12 38-MW12 Unadjusted® Adjusted®
PCE 7 1503 4.66E-06 7.67E-04
TCE 370 1100 3.36E-04 Q.06
1,4,1-TCA 2200 1495 1.47E-03 0.24
cis-1,2-DCE 3000 3500 8.57E-04 0.14
1,1-DCE 170 2500 6.80E-05 0.01
vC 820 2763 2.97E-04 0.05
[Total CVOCs 6567 - 3.03E-03 0.5
TCE+1,1,1-TCA 2570 - 1.81E-03 0.30
¢is-1,2-DCE+1,1-DCE 3170 - 9.25E-04 Q.15

a Aqueous solubility values taken from Table B.2.1 of the EPA Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater

b Groundwater concentrations at 38-MW12 are assumed to be in equilibrium with DNAPL. It is
assumed that Mass fraction = Groundwater Concentration/Solubilty

¢ Mass fractions are adjusted to reflect that total CVOCs make up 50 percent of the DNAPL
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APPENDIX A
NORTH PLUME HYDROGRAPH DATA



Table A-1

North Plume Water Level and Saturated Thickness Data

UPRR Ogden Railyard

22A-MWS5' 22A-MW1' 22A-MWe6' 22A-MW6D*
Elevation of Clay 4270 4270 4267 4267
Ground Elevation 4289.3 4290.47 4290.38 4290.41
Depth to Clay 19 20 23 23
Saturated Saturated Saturated Saturated
Zone Zone Zone Zone
Water Level | Thickness ]| Water Level| Thickness | Water Level | Thickness | Water Level | Thickness
Date (ft. MSL) {ft.} {ft. MSL) (ft.) {ft. MSL) (fe.) (ft. MSL) (ft.)
Mar-00 NA NA 4282.00 12 NA NA NA NA
Apr-00 NA NA 4281.79 12 NA NA NA NA
May-00 NA NA 4281.38 11 NA NA NA NA
Jun-00 NA NA 4280.73 11 4281.46 14 4281.46 14
Jul-00 4279.15 9 4280.40 10 4281.05 14 4281.05 14
Aug-00 4278.92 9 4280.10 10 4280.80 14 4280.80 14
Sep-00 4279.26 9 4280.44 10 4281.16 14 4281.16 14
Qct-00 4279.02 g 4280.15 10 4280.85 14 4280.85 14
Nov-00 4279.33 9 4280.50 11 4281.24 14 4281.24 14
Dec-00 427917 9 4280.29 10 4280.96 14 4280.96 14
Jan-01 NA NA 4280.29 10 4281.01 14 4281.01 14
Feb-01 4279.64 10 4280.69 11 4281.56 16 4281.56 15
Mar-01 4279.93 10 4281.09 11 4281.61 15 4281.61 15
Apr-01 4280.69 11 429265 23 4282.72 16 4282.72 16
May-01 4280.60 11 4281.79 12 4282.54 16 4282.54 16
Jun-01 4279.49 9 4280.65 11 4281.48 14 4281.48 14
Jul-01 4279.11 9 4280.29 10 4281.08 14 4281.08 14
Aug-01 4278.86 9 4280.00 10 4280.75 14 4280.75 14
Sep-01 4278.65 9 4279.76 10 4280.52 14 4280.52 14
Oct-01 4278.75 9 4279.83 10 4280.54 14 4280.54 14
Low 4278.65 9 4279.76 10 4280.52 14 4280.52 14
High 4280.69 11 4292.65 23 428272 16 4282.72 16
Average 427937 9 4281.24 11 4281.25 14 4281.25 14
MNotes:

NA--Data not available
! Depth to clay estimated based on RI Report Figure 3-8
2 Depth to clay taken from boring




Table A-2

North Plume Water Level and Saturated Thickness Data

UPRR Ogden Railyard

g

34-MW3

34-B1W1' 34-MW3D’ 34-MW1’ 34-MwW4' 34-MWe'
Elevation of Clay ! 4261 4261 4261 4261 4268 4270
Ground Elevation  4284.28 4285.97 4286.26 4286.24 4289.19 4283.69
Depth to Clay 23 25 25 | 25 21 : . 14
Saturated Saturated - Saturated Saturated - | Saturated If Saturated
Zone Zone 1 Zone Zone Zone Zone
Watgr Level | Thickness | Water Level | Thickness | Water Level | '!ihickness Water Level | Thickness | Water Level| Thickness ; Water Level | Thickness
Date (ft:MSL) (ft.) {ft. MSL) (ft.) (ft. MSL) |5 (ft) (ft. MSL) {ft.) (ft. MSL) (ft.) . (ft. MSL) (fr.)
Mar-00 4276.99 16 4277.10 16 427717 5 16 4277.44 16 4279.87 12 1 4281.48 11
Apr-00 4276.85 16 4277.141 16 4277.11 i 16 4277.28 16 4279.60 12 I 428131 11
May-00 4276.49 15 4276.78 16 4276.76 1 16 4276.91 16 4279.25 11 4280.92 11
Jun-00 4275.98 15 4276.22 15 4276.20 i 15 4276.34 15 4278.59 11 428022 10
Jul-00 4275.82 15 4276.05 - 16 4276.06 15 4276.15 15 4278.31 10 | 427982 10
Aug-00 4275.56 15 4275.80 15 4275.78 |15 4275.92 15 4278.04 10 - 427965 10
Sep-00 4275.93 15 4276.18 15 4276.16 | 15 4276.28 15 4278.41 10 NA NA
Qct-00 4275.70 15 4275.95 15 4275.94 15 4276.07 15 4278.18 10 NA NA
Nov-00 4275.91 15 4276.17 15 4276.13 i 15 4276.26 15 4278.49 10 1 NA NA
Dec-00 4275.85 15 4276.08 15 4276.06 115 427618 15 . 4278.32 10 4279.84 10
Jan-01 4275.81 15 4276.00 15 427595 + 15 4276.09 15 4278.35 10 4279.76 10
Feb-01 4276.10 - 15 4276.35 15 4276.37 15 4276.49 15 4278.82 11 4280.15 10
Mar-01 4276.29 15 4276.57 16 4276.57 16 NA NA 4279.00 11 4280.74 11
Apr-01 4276.89 16 - 427717 16 4277.44 | 16 4277.23 16 4279.67 12 1 4281.39 11
May-01 4276.87 16 427712 16 4277.18 Fo16 4276.86 16 4279.57 12 1 4281.38 11
Jun-01 . 4276.10 15 4276.39 16 4276.35 I 15 4276.37 15 4278.55 11 1 4280.22 10
Jul-01 4275.74 15 4276.02 15 4276.00 I 15 4276.03 15 427817 10 4279.85 10
Aug-01 4275.54 15 4275.80 15 4275.78 15 4275.80 15 4277.95 10 4279.60 10
Sep-01 4275.50 15 4275.54 15 4275.53 1. 15 4275.53 15 4277.67 10 4 4279.35 9
Oct-01 4275.52 15 427574 15 4275.70 [ 15 4275.81 15 4277.87 10 4279.37 g
Low 4275.50 15 4275.54 15 4275.53 , 15 4275.53 .15 4277.67 10 4279.35 9
High 4276.99 16 427717 16 427744 || 16 4277 .44 16 4279.87 12 4281.48 1
Average 4276.07 15 4276.31 15 4276.31 15 4276.37 15 4278.64 11 4280.30 10

Notes:

NA~Data not available
' Depth to clay estimated based on RI Report Figure 3-8
% Depth to clay taken from boring




Table A-3

North Plume Water Level and Saturated Thickness Data
UPRR Ogcrllen Railyard

}
{

Notes:

NA--Data not available
! Depth to clay estimated based on Rl Report Figure 3-8
% Depth to clay taken from boring

38-B3P' 38-B11P’ 38-MWé' ; 38-B28P’ 38-MW5' 38-Mw12' SPRR3-MW3'
|Elevation of Clay 4275 4275 4275 ' 4272 4275 4273 4267
Ground Elevation 4290.7 4290.71 4290.93 ! NA 4291.08 4290.85 4291.29
Depth to Clay 16 16 16 K NA 16 18 24
Saturated Saturated Saturated ) Saturated Saturated Saturated Saturated
Zone Zone Zone - Zone Zone ] Zone Zone
Water Level | Thickness | Water Levet | Thickness | Water Level | Thickness W;ater Level| Thickness | Water Level| Thickness | Water Level] Thickness | Water Level | Thickness
Date (ft. MSL) (ft.) {ft. MSL) (ft.) (ft. MSL) (ft.) - (ft. MSL) (ft.) (ft. MSL) {ft.) {ft. MSL) | (ft.) (ft. MSL) (fr.)
Mar-00 4285.68 11 4285.78 11 4285.59 11 . NA NA 4283.91 9 NA | NA 4283.20 16
Apr-00 4285.20 10 4285.20 10 4284.75 10 :4284.29 12 4283.46 8 NA NA 4282 93 16
May-00 4284.73 10 4284.74 10 4283.33 8 - 1428378 42 4262 & NA— NA 4282.49 15
Jun-00 4284.26 9 4284.27 9 4283.79 9 14283.21 11 4282 .42 7 4283.92 1 11 4281.86 15
Jul-00 4283.91 9 4283.75 9 4283.41 8 14282.83 11 4281.97 7 4283.53 ! T ZIBTAT o
Augiio 4283.62 9 4283.62 9 4283.16 8 " +|4283.56 12 428173 7 4283.25 | 10 4281.21 14
Sep-00 4283.88 9 4283.9% 9 4283.45 8 14282.92 11 4282 19 7 4283.55 1 4281.56 15
QOct-00 4283.53 9 4283.54 9 4283.10 8 4282.53 11 4281.82 7 4283.19 . 10 4281.29 14
Nov-00 4283.95 9 4283.93 ] . 4283.48 8 428295 11 4282.28 7 4283.56 .| 1 4281.61 15
Dec-00 4283.62 9 4283.63 9 428313 8 4282.60 11 4281.99 7 4283.24 10 4281.39 14
Jan-01 4283.53 g 4283.60 9 4283.16 8 1428252 11 4282.06 7 NA 5 NA 4281.27 14
Feb-01 4283.99 9 4283.38 8 4283.59 9 i NA NA 4282.72 8 4283.77 J 11 4281.66 15
Mar-01 4284.44 '9 4284 41 9 4283.98 9 14283.48 11 4282 86 8 4283.10 .} 10 4282.23 15
Apr-01 428519 10 4285.21 10 4284.75 10 14284 .38 12 4283.76 9 428498 | 12 4283.06 16
May-01 4284.81 10 4284.80 10 4284.35 9 14283.89 12 4283.44 8 428473 ; 12 4282.61 16
Jun-01 428425 9 4284.21 g9 4283.77 9 14283.23 1" 428261 8 4283.88 4 11 ‘4281.75 15
Jul-01 428419 9 4284.28 9 4283.44 8 Y4282.84 11 4282.20 7 428353 ¢ 11 4281.47 14
Aug-01 4283.84 9 4283.92 9 4283.11 8 ©,4282.51 11 4281.83 7 4284.40 | 11 4281.19 14
Sep-01 4283.58 9 4283.74 9 4282.81 ] 14282.16 10 4281.56 7 4282.68 | 10 4280.95 14
Oct-01 4283.39 8 4283.50 8 478276 8 428209 10 4281.53 7 428236 9 NA NA
Low 4283.39 8 4283.38 8 4282.76 8 4282.09 10 4281.53 7 4282.36 | 9 4280.95 14
High 4285.68 11 4285.78 1 4285.59 11 4284.38 12 4283.91 9 428498 . 12 4283.20 16
Average 428418 9 428417 9 4283.65 9 428310 11 4282.46 7 4283.61 11 4281.85 15
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Date: October 30, 2003
To: File
From: Jay Hoskins

Subject: UPRR Ogden Rail Yard
Estimating Cleanup Times Associated with MNA—Part 11
Natura! Attenuation Modeling Results

This memo provides the results of natural attenuation time of remediation (TOR) modeling that was
performed for the Ogden Rail Yard Feasibility Study. Inherent to this modeling are simplifying
assumptions, and therefore caiculations are most appropriately employed as a qualitative tool for
screening options and projecting trends in groundwater quality over time. This analysis is not intended as
a definitive projection of future groundwater concentrations,

In developing cleanup time estimates, a sensitivity analysis was performed to examine:

. Variability in source mass on TOR.

s ° Variability of groundwater velocity on TOR.

. Variability of source configuration on TOR.

. Effects of source removal on aqueous source concentrations in the short-term.

Variability in Source Mass on TOR

Cleanup times were calculated for several source masses to estimate the relationship between source mass
and cleanup time for the site. Charts 1 and 2 show Source Mass vs, Time of Remediation for the two
source configurations and two groundwater velocities that were modeled. Results indicate that for both
source configurations, cleanup time increases with source mass in a linearly relationship. The mode!
results indicate that a 4,000 Ib mass of DNAPL in a “pocket” configuration could take from 6-60 years to

reach cleanup levels. Cleanup times for a 4,000 Ib mass of DNAPL in a “line” source are calculated to be
9-90 years,

Removing contaminant source decreases the amount of time required by natural attenuation processes to
achieve aqueous phase criteria. However, because the amount and composition of the DNAPL is
uncertain, it is impossible to accurately quantify what affect source removal would have on decreasing
TOR.
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Variability in Groundwater Velocity on TOR

The inputs for groundwater velocity (i.e., hydraulic conductivity, hydraulic gradient, and effective
porosity) affect calculations estimating degradation rates and advective transport. As groundwater
velocity increases for a given plume size, the calculated rate of biodegradation also increases. And, if
contaminants are carried away from the source faster, then the source is depleted faster.

The potential variability in groundwater velocity was examined by varying hydraulic conductivity by one-
order of magnitude. For a 4000 lb “pocket source”, TOR was calculated to be 6 and 61 years for
velocities of 5.6 and 0.56 feet/day. For a 4000 Ib “line source”, TOR was calculated to be 9 and 90 years
for velocities of 5.6 and 0.56 feet/day. Based on these calculations, for an order of magnitude change in
groundwater velocity, there is an equivalent change in cleanup time. If the actual hydraulic conductivity
at the site varies up to an order of magnitude of the measured value (as was proposed in the RI Report),
then the potential variability in groundwater velocity adds significant uncertainty to estimating the time
required to restore the site,

Effect of Source Configuration on TOR

The effect of source configuration on TOR was examined by developing a chart of concentration vs. time
for the “pocket” and “line” sources (Chart 3). TOR was greater for the “line” source than a “pocket”
source configuration. These results imply that removing a portion of the source running parallel to the
groundwater flow direction has a greater effect on reducing cleanup times that removing an equal amount
of “pocket” source.

The sewer line running between AOI-38 and AOI-34 has been proposed as a potential source of
groundwater contamination. Recognizing that model calculations do not precisely represent the impacts
from this sewer line (¢.g., the sewer line is above the groundwater table and the groundwater impacts are
result of rainwater infiltration through the sewer line and into the groundwater, etc.), one can still infer
from the resuits that removing this source would help achieve groundwater restoration. However, as
indicated in Chart 3, there is a great deal of uncertainty on the magnitude of this effect.

Effects of Source Removal on Aqueous Source Concentrations in the Near-Term

Groundwater monitoring indicates that concentrations of CVOCs in the Northern Plume are not
increasing and have reached steady-state levels. Over time, as the source is further depleted, it s
anticipated that concentrations will drop. (Recent sampling suggests this may already be occurring.) One
question is then would additional source removal advance achievement of water quality objectives in the
near term?

To answer this question, the concentration vs. time plots in Charts 4 and 5 were developed for 10, 50, and
90 percent removal of a 4,000 1b mass. The maximum CVOC concentration, which occurs in the near-
term (i.e., less than a year) for each removal scenario, was determined from Charts 4 and 5. Table 1
compares the percentage of source removed to the percentage decrease in aqueous phase CVOC
concentration. As shown in Table 1, the reduction in source mass results in less than a 1:1 reduction in
aqueous phase concentration. Even a 90 percent removal in source mass only reduces near term source
concentrations by 67 percent. Therefore, it is concluded that partial source removal does little to improve
near-term groundwater.
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The limited near-term benefits to improved groundwater quality resulting from source zone removal have
also been demonstrated in literature. For example, Tom Sale’s doctoral dissertation (1998) quantitatively
documents this effect and then concluded, “Meaningful improvement in near-term groundwater quality
via remediation will require nearly complete removal of DNAPL.”

Conclusions

. The length of time required to cleanup groundwater varies linearly with source mass. Larger
source masses require a longer remediation time that smaller ones.

. Removing the sources of CVOCs decreases the amount of time required by natural attenuation
processes to achieve aqueous phase criteria. However, because the total amount of source is
difficult to quantify, the effect of source removal is uncertain. Calculations indicate that the
remediation time could be a decade, but this estimate is very uncertain because the total mass of
CVOCs is very uncertain.

. Partial source removal improves the time required to restore the aquifer in the long-term, however
partial source removal does little to improve near-term groundwater quality. Virtually all source
material would need to be removed before meaningful improvements in near-term groundwater
quality are achieved.
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Table 1

Affects of Source Removal on Aqueous Phase Concentrations

UPRR Ogden Rail Yard

10/30/2003
Source Percent Mass Pocket Source: 200'(w)x200'(w) Line Source: 40°(w)x888'(l)

Mass Removal Agueous Concentration (Max Percent Reduction in Agueous Concentration (Max) Percent Reduction in

Lbs - at Source {ugflL) Aqueous Phase Concentration at Source (ug/L) Aqueous Phase Concentration
4000 0% 113,170 0% 111,010 0%

3600 10% 110,450 2% 108,260 2%

2000 50% 92,978 18% 90,667 18%

400 20% 38,433 66% 36,884 67%




APPENDIX ©
SUMMARY OF AOI-38 AND INDUSTRIAL SEWER LINE INVESTIGATIONS
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Date: April 16, 2004
To. Eva Hoffman, EPA
Michael Storck, UDEQ
From: Hoyt Sutphin, Tom Sale, Jay Hoskins
Subject: AOI-38, subsurface VOC soil concentrations, Ogden, Utah
Copy to: Gary Honeyman, UPRR
Keith Piontek, TFG
Julia Fowler, K/J
Overview

The following provides a brief review and interpretation of AOI-38 and AQI-22a sampling results, from
soil samples collected to evaluate the existence of an additional contaminant source for the northern
CVOC groundwater plume. In summary, it appears that minor residual CVOC contamination may exist
at two of eleven locations investigated.

. Building on this, options for site remedy selection are reviewed. From the review it appears that the most

prudent action, consistent with Remedial Alternative 3, is to 1) continue to allow active biological process -

to continue degrade the apparent residual contamination, and 2) conduct the appropriate monitoring to

demonstrate the adequacy of this approach. The principle concern with active intervention (e.g. In-situ

Chemical Oxidation) is that these actions could deplete (or destroy) anaerobes that are currently

mediating contaminant degradation. Active intervention could inhibit the observed biological attenuation
documented to be occurring, and adversely affect future migration of CVOCs in groundwater.

Field Data

A direct push investigation was performed in AOI-38 and AOI-22a on March 4-8, 2004. The objective of
the investigation was to further resolve the potential existence of a subsurface source of chlorinated
volatile organic compounds (CVOCs) beneath areas of greatest likely occurrence (shops, pits, and drains).
Eleven borings were completed to the top of the Alpine Clay (approximately 15-20 feet deep). Discrete
soil samples were collected at these locations from the Alluvium immediately above the Alpine Clay".
Samples were then analyzed for chlorinated volatile organic compounds (“CVOCs”) by SW-846 Method
8260. Soil boring locations are shown in Figure 1. Preliminary analytical results are presented in Table 1
{non-validated data).

! Samples were not collected at 38-B37 and 38-B39 because the target depth could not be achieved during drilling. Borings B-38

. and B-40 {which were sampled} were installed immediately adjacent to these locations,
" J:iQgden UP SPSubprojects\ACI-381A00-38 Options memo-040416.doc
605 North Booaville Avenue 500 Chesterfield Center, Suite 300 14 Corporate Woods, Svite 650 812 Swifis Highway 5460 Ward Road. Suite 110 136 East South Temple, Suite 1820
Springfield, MO 65806 Chesterfield, MO 63017 8717 West 110" Sireet Jefferson City, MO 65109  Arvada, Colorado 850002 Salt Lake City, Ulah 84111
p 417.864.6444 p 636. 721034 Owerland Park, KS 66210 p 5736348109 p 301.456.0400 p 801.355.37H
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Sample 1D Analysis Result © Reporting L.imit  Unit
2A-B24 cis-1,2-Dichlorocthene 10 5 u
38-B41 1,1-Dichloroethane 170 50 ug/Kg |
38-B41 1,1-Dichioroethene 96 50 u
18-B41 1,2-Dichloroethene (total) 1700 100 u,
38-B41 cis-1,2-Dichloroethene 1700 50 ug/Kg |
38-B41 Ethylbenzene 180 50 ug/Kg |
38-B41 Teirachloroethene 130,000 3000 ug/Kg |
. PB8-B4l [Toluene 67 , 50 ug/Kg |
38-B41 1,1,1-Frichloroethane 2900 J 600 ug/Kg
38-B416 [Frichloroethene 2900 J 600 ug/Kg |
38-B41 X ylenes {(total) 740 150 uﬂg_{
38-B42 cis-1,2-Dichloroethene 6 5 u
38-B43 cis-1,2-Dichloroethene 6 5 ug/Kg |
38-B44 1,1-Dichloroethane 740 50 ug/Kg |
38-B44 1,1-Dichloroethene 130 5 ug/Kg
38-B44 1,2-Dichloroethene (total} 22,000 6000 ug/Kg
38-B44 cis-1,2-Dichloroethene 22,000 3000 ug/Kg |
38-B44 trans-1,2-Dichloroethene 11 5 ug/Kg
38-B44 Ethylbenzene 29 5 ug/Kg
38-B44 [Tetrachloroethene 27,000 3000 ug/Kg |
38-B44 [Toluene 210 5 ug/Kg
38-B44 1,1,1-Trichloroethane 9200 3000 ug/Kg
38-B44 [Frichloroethene 1200 50 ug/Kg |
38-B44 [Vinyl Chloride 520 100 ug/Kg |
38-B44 X ylenes (total) 150 15 ug/Kg
22a-B23 1,1-Dichloroethane 6 5 ug/Kg |
8-B46 1,1-Dichloroethane 6 5 ug/Kg |
38-B45 Il ND
38-B47 lall ND
38-B38 lall ND
13-B40 a1 ND
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Data Interpretation

The observed contaminants include;
» Chlorinated solvents commonly used as degreasers (TCE, PCE, and 111-TCA)
> Petroleum hydrocarbons (Benzene and Toluene)

» Daughter products (DCE and VC) associated with biological degradation of the PCE, TCE, and
TCA

A plausible scenario is that minor releases of waste solvents, containing petroleum hydrocarbons, may
have occurred in the vicinity of AOI-38. The most likely place for these materials to have accumulated is
at the alluvial Alpine Clay contact where the soil samples were collected.
The first step taken in interpreting the data was to resolve the soil concentration that would indicate the
presence of DNAPL. Following Simpkin et al., 2000, this can be estimated as the maximum amount of
contamination that can occur due to dissolved (water) and sorbed contaminant phases (See Attachment
A). As shown in Table 2 below, the maximum TCE and PCE concentrations observed in soil samples
(both at 38-B41) are substantially below the concentrations that would indicate DNAPL, given an organic
carbon fraction in soil of 0.01. Given the large difference between observed and the indicator levels it
seems unlikely that any DNAPL is present at 38-B41 or the other locations where observed
concentrations of PCE and TCE are much lower.

Table 2 — Comparison of observed soil concentrations to concentration associated with DNAPL

Location Maximum Seil Maximum Observed Difference
Concentration without Soil Concentration
DNAPL given foc =
0.01 (ug/kg) (ug/kg)
38-B41-16.16 | PCE = 1,000,000 PCE = 130,000 One order of magnitude
38-B41-16.16 | TCE = 1,500,000 TCE =2,900 Three orders of
| magnitude

A plausible explanation for the absence of DNAPL is that if it was present, it has now completely
dissolved through partitioning into groundwater in the alluvium and diffusion into the underlying Alpine
clay. A likely scenario is that observed contamination reflects back diffusion out of the clay. Following
Sale (2004), this process is conceptualized in Figures 2 and 3. Others describing this process include
Sudicky et al., 1985 and Liu and Ball (2002). Given this, the target for an active remedy would be
dissolved and sorbed CVOC in the Alpine Clay immediately below the alluvium.
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Simple Case
| Groundwater flow I—b
' o et el | Semi Infinite sand |
[ ONAPL Pool g R L

Semi infinite clay

Plumes of dissolved and sorbed
, DNAPL constiluents

Figure 2 DNAPL Dissolution at Contact

Back Diffusion

| Groundwater flow I—.

= | Semi infinite sand |

Semi infinite clay

Plumes of dissolved and sorbed
DNAPL constituents

Figure 3 - Back Diffusion from Clay Post DNAPL Dissolution
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Remedial Options Assessment

The current remedial actions proposed under Altemative 3 are 1) monitoring the natural attenuation
processes of the dissolved phase CVOC plume, and 2) remediating a former/continuing source of solvent
impact in the industrial sewer lines. The information presented herein raises the issue of whether
additional measures are warranted. The following provides a brief review of the most cbvious
altemmatives for soils observed in the vicinity of borings 38-B41 and 38-B44.

In Situ Chemical Oxidation Using KMnO4 - Potassium permanganate (KMnO4) solutions have
been used to address low concentrations of chlorinated ethanes in aerobic source areas. Appealing
aspects are that the density of permanganate solutions would drive it to the contact with the Alpine
Formation and subsequent diffusion into the clay could address the targeted CVOCs. Unfortunately,
the. permanganate would also adversely affect the anaerobes. that are currently controlling CVOC
concentrations in the source area and in the downgradient plume. Inhibiting the anaerobic microbial
poputation could have the detrimental effect of increasing concentrations of CVOC in groundwater
downgradient of the area of concern. In this case the risks of doing more do not seem to merit the
potential benefits. '

Excavation — Considering the low levels observed in the soils and the fact that other portions of the
site may control the longevity of the plume, it seems that the benefits of excavation are inconsistent to
the cost and risk of the action (e.g. exposure associated with excavations below groundwater,
transport, and treatment), This alternative seems to provide little advantage over the currently planned
site remedy.

Containment — Another option is to surround the area with a physical barrier that would reduce
contaminant flux from the areas of concern. As the CVOC plume is currently onsite and stable, the
advantages of this are not significant. A detriment might be that reducing the natural flushing (that has
historically depleted the source) might increase the longevity of the residual source material. Again,
this alternative seems to provide little advantage over the currently planned suite care.

Based on all of the above our recommendation is that the Alternative 3 actions are still the best approach

_for the AOT’s described herein.
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Attachment A — Comparison of observed concentrations to concentration that would indicate the
presence of DNAPL
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$:=027 Porosity (typical for sandy alluvium}
Pg = 26528 Density of Quartz
cm3
£, = 0.001,0.002..0.01 Fraction Organic Carbon in Sail (typical range)
. _ mg Solubility of TCE in water (Pandkow and Cherry
CsorTcg = 1100~ 1996)
Cyompep =250 28 Solubility of PCE in water {Pandkow and Cherry
L 1996)
KoeTCE= IZGlL Octanol Water Partioning Coefficient for TCE
gm {Pankow and Cherry 1996)
. KooPCE™= 364-11‘ Octanol Water Partioning Coefficient for PCE
gm {Pankow and Cherry 1996)
Pp = Ps‘(l -4 Bulk Density of Soil
Koo foc Csol Pb + Csop ¢ =182
= HE =
Csoil(Koc’foc’Csol) = 6
PCE, . {f,.) = 116000 TCEpafoc ) = 7730
110
110°
1-10°
i-10*
1- 103 : ] ; i : :
0 0.0011 00022 0.0033 00044 0.0056 0.0067 00078 0.0089 0.01
— Max PCE w/o NAPL
""" Max Obs PCE
—  MaxTCE

- - Max Obs TCE
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Analytical Results Tables

Table 1 - Samples Collected and Analyses Performed

Table 2 - Method 8260 Validated Analytical Results



Table 1
Summary of Samples Collected and Analyses Performed, Soil
UPRR Qgden Railyard
March 2004

Aréa of Interest | Location | Depth (it) | Date | voC
22a-B23 | 20-203 | 3/8/04
224-B24 | 17.5-17.9 | 3/5/04
38-B38 | 16-16.5 | 3/8/04
38-B40 | 14-165 | 3/8/04
38-841 | 15.8-16.2 | 3/5/04
38842 ! 15.2-15.7 | 3/5/04
38-843 | 17.7-18.2 | 3/5/04
38844 | 18.2-18.7 | 3/5/04
38845 | 17.2-17.7 | 3/5/04
36-B46 | 16.5-17_| 3/8/04
38-B47_| 17.3- 17.8 | 3/8/04

gleisiglg|esiseR R
o ol e b bl P b
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Tahle 2

Soll Analytical Data Summary
UPRR Ogden Railyard
March 2004
AD) 224 228 3z 38 38 38 38 3B 38 38 a8
Location | 22a-823 | 22A.B24 35-B38 38-B40 38-841 35-842 38-B43 38-B44 | 238845 38.-B46 s-B47
Dy u 20-20.3 | 17.5-17.9 | 18-18.5 14-16.5 15.8-16.2 | 15.2-15.7 | 17.7-18.2 | 18.2-38.7 | 17.2-1%.7 18517 | 17.317.8
Date 3I8f2004 | 3/5i2004 | 3/8/2004 | 3/8/2004 | 3/5i2004 | 3562004 | 2i5/2004 | 252004 | Sfe004 | 3/8/2004 | 3/8/2004
[Parametariame Units . R
1,1,1-Trichloroethane mgkg < 0.005 < 0.005 < 0.005 < 0.006 1.6 <0005 1 <0.006J 92) < 0.005 < 0.005 = 0.005
1,1,2,2-Tetrachloroethane ma/kg < (0.005 < 0.005 < 0.005 < 0.006 < (.054 <0005 | <0.006J | <0006J | <0005 < 0.005 < 0.005
1,1,2-Trichloroethane ma/kg < 0.005 < 0.005 < {.005 = 0.008 <0.054 <0008 | <0006J { <0006 | <0005 < 0.005 < {(.005
1,1-Dichioroethans maikg 0.006 < 0.005 < 0.005 < 0.006 0.17 <0.005 | <0.006J 074 < 0.005 0.006 < {.005
1.1-Dichloroethene mgikg < 0.005 < 0.005 < 0.005 < 0.006 0.096 <0.005 | «<0.006J 013 < 0005 < 0.005 < 0.005
1,2 3-Trichloropropane mglkg < 0,005 < 0.005 < 0.005 = 0.006 « (.054 < 0.005 <0.006J | <0.006J < 0.005 < 0.005 < (.005
1,2-Dibromo-3-chloropropane (DBCP) mg/kg < 0.005 < 0.005 =< 0.005 = 0.006 < 0.054 < 0.005 <0.006) | <0.006J < 0.005 < 0.005 < 0.005
1,2-Dichleroethane mgfkg < 0.005 < 0.005 < 0.005 < 0.006 < 0.054 < 0.005 <0006J | <0.006J < 0.005 < 0.005 < 0.005
1,2-Dichicrosthene (total) mgtkg < 0.019 0.01J < 0.011 <0.013 1.7 0.006 J 0.006 J 224 0.002 J 0.002 J < 0,019
1,2-Dichtoropropane mg/kg < 0.005 < (.005 < 0.005 < 0.006 <0.054 < 0,005 <0006J | <0.008J < 0.005 < 0.005 < 0.005
1,4-Dioxang ma/kg x0.54 <054R { <054R | <064R <54R <054R | <05R <06R <052R | <054R | <053R
2-Butanone (MEK) mg/kg <0.011 < 0.011 < 0.011 <0.013 <0.11 < 0.011 <0011J | <012 < 0.01 < 00N <0.011
2-Chiorcethyivinyl ether mg/kg < 0.011 < 0.011 < 0.011 < 0.013 < 0.11 < 0.011 <0011J | <0.012.J = 0,01 < 0.011 < 0.011
2-Hexanone mgfkg <0011 <0011 <0.011 <0.013 <0.11 <0.011 [ <001tJ | <0012 <0.01 <0011 =0.011
4-Methyl-2-pentanone (MIBK) mg/kg <0011 < .011 < 0.011 0.002 J <0.11 < 0.011 <0.011J | <0.012J < 0.01 < 0.011 < {.011
Acetone matkg <0.011 <0.013 < 0.005 <0012 <0.11 < 0.003 <0011J | <0.012J < 0.01 < .003 < 0.011
Acetonilrile ma/kg < (.011 <0.011 <0.011 < 0.013 <0.11 < 0.011 <0011J ) <0012J < .01 <0.011 <0011
Acrolein ma/kg <0.027R | <0.027R | «0.027R | <0.032R | <027R | <0.027R | <0.028R | <003R | <0.026R | <0027 R | <0.027 R
Acrylonitrile mo'kg < 0.027 < 0.027 <0.027 <0032 | <027 <0.027 | <0.028J) | <0.03J < 0.026 < 0.027 = 0.027
Benzena mgfkg < 0.005 < 0.005 < 0.005 < 0.006 < 0.054 « 0.005 «0.006dJ | <0.006. < (.005 < 0.005 < (.005
Bromodichloromeihane mg/kg < 0.005 < 0.005 < 0.005 < 0.006 < 0.054 < 0.005 <0.006J | <0.006J < 0.005 < 0.005 < .006
Bromaform mg/kg < 0.005 < 0.005 < .005 < (0.006 < {.054 < 0.005 <0.006J | <0.006J =< 0.005 < 0.005 = {.005
Bromomethane {Methyl bromide} mg’kg < 0.011 <0.011 < 0.011 <0013 <011 < Q.011 <Q011J | =0.012) < 0.01 < 0.011 < 0.011
Carbon disulfide malkg < 0.005 < 0.005 0.004 J < 0.006 0.047 J < (.005 <{.006J 0.019J 0.005 J 0.007 < 0.005
Carbon tetrachioride malkg < 0.005 < 0.005 < 0.005 = 0.006 < §.054 <0005 | <0.006J | <0006J { <0.008 <(.005 < 0.005
Chlorcbenzene mg/kg < 0.005 < 0.005 < 0.005 < 0.006 <0.054 < 0.005 <0006J | <0.006J < 0.005 < 0.005 < 0.005
Chiorcethane (Ethyl chloride) mg’kq <0.011 <0.011 < .11 <0.013 <0.11 < 0.011 <0011 1 <0.012J < 0.01 < 0.011 <0.011
Chigroform mogfkg < 0.005 < 0.905 < 0.005 < 0.006 <0.054 < 0.005 <Q0.006J | <0.006J < 0,005 < 0.005 < 0.005
Chloromethane {Mathyl chioride) mg/kq <0.011 < {011 <Q.011 <{.013 <0.11 < 0.011 <0011J | <0012 ) < 0.01 <0011 = 0.011
¢tis-1,2-Dichloroetheng mglkg < 0.005 0.01 < 0.005 < 0.006 1.7 0.006 0.006 J 22J 0.002 J 0.002 J < 0.005
cis-1,3-Dichloropropeng ma/kg < 0.005 < 0.005 < 0.005 < 0.006 <{.054 < 0.005 <0.006J | <0.008.J < 0.005 < 0.005 < {.005
Dibromochloromethane mo/kg < 0.005 < 0.005 < 0.005 < (.006 < 0054 <0005 | <0.006J | <0.006J | <0005 < 0.005 < $.005
Dichloromeihane mgfky 0.013 0.009 4 0.013 < (.013 <{.11 < 0.011 0.004 0.007 J < 0.01 0.012 0.013
Ethylbenzene mg/kg < 0.005 < 0.005 < 0.005 < 0.006 0.18 < 0.005 <0.006J 0.029 J < 0.005 < 0.005 < .005
Ethylene dibromide (EDB) mg/kg < 0.005 < §.005 < 0.005 <{).0086 < (.054 = 0.005 <0006J | <0.006J < 0.005 < 0.005 < 0.005
<# = undetected al reporting limit
<# J = undetected at estimated reponting lirmit J = estimated

<#R .cled at sstimated reporting limit

¢

‘ = rajecied
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Soil Analytical Data Summary

UPRR Ogden Railyard
March 2004
AQI 228, 22A 28 38 38 38 a8 38 a8 38 38
Location | 223-823 | 22A-B24 38-B38 38-840 38-B41 38-B42 38843 38-B44 38845 28-B46 38-B47
Depth{f) | 20-20.3 | 17.5-17.8 | 16-16.5 14-16.5 [ 15.8-16.2 | 15.2-15.7 | 17.7-18.2 | 18.2-187 | 17.2.17.7 | 18.5-17 | 17.3.17.8
Date 3/8/2004 | 3/S/2004 {1 3/8/2004 | 3/8/2004 | 3I5/2004 | 3/5/2004 | 3/5/2004 | /512004 | 3/5/2004 | 3/8/2004 | 3/8/2004
|ParametarNama Units
Hexane ma’kg =< 0.005 < 0.005 =< 0.005 < 0.006 < 0,054 < 0,005 <0.006 J 0.016 J < 0.005 < 0.005 < 0.005
Isobutanal {2-Methyl-1-propanol} mg/kg <0054R | <0054R | <0054R | <0.064R | <054R | <0054R | <0.056R | <0.06R | <0.052R | <0.054R | <0.053R
Methacryonitrite mg/kg < 0.011 <0.011 < 0.011 <0.013 <0.11 < 0.011 <0011J | <0.012J < (0.0t <0.01 <0.011
Styrene ma/kg < 0.005 < 0.005 < 0.005 < 0.006 0.0134J <0.005 | <0.006J | <0.006J | «0.005 < 0.005 < 0.005
Tetrachloroethene ma/kg = 0.005 0.002 J < 0.005 0.001J 130J <0.005 | <0.006J 274 < 0.005 < 0.005 < 0.005
Toluene mo/kg < 0.005 < (.005 < 0.005 < (.006 0.067 <0.005 | <0.006J 0214 < 0.005 < 0.005 < 0.005
trans-1,2-Dichlorogthene makg = 0.005 < 0.005 < 0.005 < 0.006 < 0.054 <0005 | «0006J 1 0011J < 0.005 < (.005 < 0.005
Enw ,3-Bichloropropene ma/kg = 0.005 < 0.005 = 0.005 < 0.006 <0.054 <0005 | <0006J | <0006J | <0.005 =<0.005 < 0.005
Trichlorogthene mafky < 0.005 < 0.005 < 0.005 < 0.006 1.4 <0005 ) <0.0064 124 < 0.005 < 0.005 < 0.005
Trichtorofluoromethane ma/kg = 0011 <0.011 <0.011 <3013 <011 < 0.011 <0.011J | <0.012 ) < 0.01 < 0.011 <0011
Vinyl acetate ma/kg < 0.014 < 0.011 =< 0.011 <0.013 <011 < 0.011 <0.M1J [ <0012 4 <0.01 <0.011 <0.011
Vinyl chlaride mglkg < 0.011 < 0.011 < 0.011 <0.013 < 0.1 < 0.0H1 <0.011J Q.52 4 < 0.01 0.003 J <0.011
Xylenes (Total} mofkg < 0.016 < 0.016 < 0.016 0.002 J 0.74 < 0.018 <0.017J 0.15 J <0.016 <0.016 < 0.016
<# = undetected at reporting limit
< ) = undetected at estimated reporting limit J = estimated
20f2 R = rejected

<# R = rejected at estimated reporting limit



PROJECT NUMBER: 179206.5P.04 [eoruis wumBeR:

o 22a-B23 |SHEET 1 OF 1
CH2ZMHILL
i SOIL BORING LOG
START: WaI2009 FENISH: 2004
Odgen RR AREA: AQI22a LOGGER: Terenco Mares & Aaron Galer
ORILLING SUBCONTRACTOR: EarihProbe DRILLING METHOD AND EQUIPMENT: Truck Mounted Geoprobe 6600
SAMPLE INTERVAL
SOOI NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
RECOVERY JUSCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
[(:H] CONSISTENCY, SO STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
] . sP Sands - with gravels, brown, &y, dense 1 N
- 35 — black staining | 00vM _
et _ ]
] SM 3.3 - Silty - with &ne sands, brown, moist, med dense, bow plasticity n .
5
| i 26.8 OVM a
4.0
10 GW 9.Y - Gravel - with sandy, grey, very molst, and loose ] ]
- 9.3 HC sheen to end of sample
] 23 ] 16.8 OVM
— ~ 128" HC sheen o end of sample _l
15 | ]
— Sampling sleeve stuck. Drillers had to |
. —l pound out samgle.
20 ] ]
_ ] 203 - Sty - Ciayey _ -
""' 43 7 2.10vM 7
_ ] ]
25
— _{ .
- Collected 30il sample above day contact layer al 0820 7] B
- Top of clay al 203 _ |
Total depth 25.0'
— Hole plugged with Bertonite 5 ]

PG 145 B0ring b\ DU BRADIN_UPRR logy

VG004




‘ [PROJECT NUMBER: 179206.5P.04 IBORING NUMBER: 228-824 lSl'EET 1 oF 1
CH2MHILL
> SOIL BORING LOG
PROJECT: UPRR START: WH2004 FINISH: 512004
LOCATION: Qdgen RR AREA: AN 22a LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProbe DRILLING METHOD AND EQUIPMENT: Truck Mourded Geoprobe 5400
SAMPLE WTERVAL
Depih S0IL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
L&-.lrtace (R CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
i3]
. 5P Sands - wilh gravels, brown, dry, dense . _
— black steining
T 24 - o ov i
5 M 3.9 - Silty - with Fne sands, brown, meisl, med dense, bow piasticity _ —
] 47 = 0 OVM ]
10 3 o
Gw 9.5 - Gravel - with sands, grayish brown, salurated, and loose
] 22 ] 0.5 OVM ]
1l ] N
] 43 7] o OVM 7]
= MH 17.9 - Sty - Clayey 7
—20
] Collected s0¥ sample sbove clay contact Jayer at 0931 n .
Top of clay al 17.9" L _
Tola! depth 20.0°
| Hole plugged with Bantonile - -

PAIEN 45 B0ringlogsiOU 1 MCHE_UPRR logs

W10



PROJECT NUMBER: 179206.5P 04 |ecame numeEeR: 8837 |sheer 1 oF 3
SOIL BORING LOG
START: 3472004 FINISH: HAIZ004

AREA:  AH3S

SOL NAME, USCS GROUP SYMBOL. COLOR

LOGGER: Terenoe Mares & Aaron Galer

EaxthProbe DRILLING METHOUD AND EQUIPMENT: Truck Mounied Geoprobe 5400

DEPTH OF CASING, DRILLTNG

TR TN

USCS CODE MO TURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
0.4' of conarate
1 5 GW Graved - 5ands with soma fines, brown, moisl, and Kose 0OVM .
—3 —
_ 28 00vM _
SH 5.6 - Siky - with firs sands, brown, moist, med. dense, low plasticity
] GP 6.5' - Gravel - with £ikty sands, brown, meist, and loose ]
] sp 8.5 - Sand - wilh gravels, gray, saturated, loose -
ol 34 - 10.6' HC sheen 0 OVM ]
. GM 10.7' - Sills - with gravets, dark brawn, saturated, mad, dense B
1 Gw 12 + Gravel - with well graded sands, brown, saturated, and logse
4OV
1 4.0 —
15 =154 to 15.7 HC sheen 1
SM 15.6" - Sitty - with fine sands. brown, saturaled, med. dense !
GwW 16.3' - Gravet - with wel graded sands, kght brown, saluraled, and loose T
33 00WVM i
| o0 Sy Clrey

- Sampling sheeve stuck, Drilers had 10 pound sampler (o gel slaeve ouA,
which may have moved soi sample insida the ube. Usa Boring Log 35-B28
for actual clay depth.

No sampla obtained
Tolal depth 207
Hole plugged with Benlonite

P63 a5\ Boringlogs\UU1 AI3A_UPRS logn

WIE2004
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. CHZMHILL
-

[PrROJECT HUMBER: 179206.5P.04 [sormG numBER: 30838 [SHEET 1 OF 1

PROJECT: UPRR
LOCATION: Odgen RR

SOIL BORING LOG
START: NATZ004 FINISH: VA

AREA: AOLIS

LOGGER: Teronce bares & Asron Gater

DRILLING SUBCONTRACTOR: EarihProbe DRILLING METHOD AND EQUIPMENT: Truck Mountsd Gooprobe S400 and 6600
SAMPLE INTERVAL
Depth SO NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Batow RECOVERY USCS CODE MHSTURE CONTENT, RELATIVE DENSTTY OR RATE, DRILLING FLLND LOSS,
Surfaca () CONSISTENCY, SOIL STRUCTURE. MINERALOGY TESTS AND INSTRUMENTATION
i)
0.4° of concrete
- se Sand - with gravels, brown, moist, ose - 00w R
] 22 = 1.9 - 7 black staining -
] SM 1.9 < Biky - with Mo gands, dark brown, moist, med. danse, med. plasticity _ A
5!
- -1
an
] 7 21 0vM -
GwW 7.7 - Gravel - sands with some fines, brown, most, and loose 3 -
— 7.3 HC shwen
— =9.0' groy, satursied = _
10 22 ] ]
0OV
— 148 _ __
00V
—18 — —
= MH 16.5' « iy - Clayoy - T
- _ oOVM _
_ ~ Combined log wih two geoprobe borings two foel aparl. Frst boring used | .
single Wwhe method wih 3 1.5° samping sleeve and could nol get disorela sample
— betwean day and sols above due to 2° pravels. Second boring used dual ibe o .
method with @ 2° sampling cslogve. Wa ware sbls L obtain a discrele sample
1 batwaan tha clay and sais above. - —
- CoBected sol ssmple ahove cay comMact layer al 0925 7 n
] Top of clay at 16.5' - _
Total depth 20°
| Hole plugged with Bantonite - -

PA1BY14S B eringlagiOU 10WACH28_UPARA logs

WE2004



. IPRO.ECT HUMBER: 179206.5P .04 IBOR[NG NUMBER: 38-83% ISHEET 1 QF 1
CH2MHILL

g~ SOIL BORING LOG

PROJECT: UPRR START: 42004 FMISH: TOr2004

LOCATION. Odgen RR AREA; AODL38 LOGGER: Terence Mares & Aaron Galer
DRILLUNG SUBCONTRACTOR: EathProbe DRILLING METHOD AND EQUIPMENT: Truck Mounted Geoprobe 5400 and £600

SAMPLE INTERVAL
Depth

S0IL KAME, USCS GROUP SYMBGL, COLOR

OEFTH OF CASING, GRILLING

Betow RECOVERY |USCS CODE MOISTURE COMTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surtace 4] CONSISTENCY, S0IL STRUCTURE, MINERALOGY TESTS AND HNSTRUMENTATION
sP Sands - brown, moist, and Icose A
| a0 00VM _
_ GwW 2.1' - Gravel - sands, reddish brown, dry, and med. Siifl ..,
— 2.1 - 2.7 black staining
—3 —
— 40 |
0 0OYM
- - 7.2 increasing sand content -
— 7.2 - 7.6 back Gl containing organics, bricks, glass, and concrete
— 7.5" back staining and motst -
10 0.6 0CVM ]
— 114 saiurated
. Drillers {elt pushing becama easy around
‘ 15'. Rochk stuck in shee, Clay on shoe and
arcund rock.
30

¢ OvM

-~ Attempted three other borings In 1his area using the dual Whe method with the:
2" sampling sleeve. Drillers wera not able to collect a discrete sample between

the cay and the s0ils above due to 2 - 3* gravels. Added an extra boriryg whare
this area drained to (38-B47). AL this 1ocation the drillers were able 1o collect

a discrote sample.

No sample oblained
Tolal depth 1€
Hole plugged wilh Benionite

PSS 14SBornglogtOU 10AOIIE_UPRA s

S 16004




’ [erosEcT MuMBER: 170206 SP.04 [porinG mumBER: 38840 |SHEET 1 OF 1
CH2MHILL
- SOIL BORING LOG
START: 542004 FINSH; 3512009
AREA: ACH 38 LOGGER: Terence Wares & Aaron Galer
EanthProbe DRILLING METHOD AND EQUIPMENT: Truck Mounted Geoprobe 5400 and 6600
SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUIO LOSS,
CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
] 8P Sands « brown, moisy, and med. stiff n
_ 26 o0V _
GW 1.4 « Gravel - sands, reddish brown, dry, and med. sGff
-] — 3.2 malst 7]
—3| ]
— 5.8 very moist
— 33 ~ §.2" increasing sand content -
QOvVM
- 8.0 salurated 7
] Hit refusat at §0°. Drillers preprobed from |
10 40 10 + 12 then advanced samplec, Banl 3
sampler.
] 40 —
3.6 0OV
— 13 —
Hit refusal a1 16.5. Crillers tried to preprobe
— but bent rods, a
] ~ Aftempied two other berings in this area using the dual tube method with the .
2" sampling steeve. Dilllers wese not able to callect 8 discrete sample between
_ the clay and the $0ils above due to 2 - 37 gravels. Added an exira boring whese ]
this area drained to (38-6847). At this location the drillers were abla to collect
20| A Fycrate samplo. |
— Collecied sample from 14 - 16.5. Concrale in botiom of shoe. m
— _
Coliecied soll sample above conoreta g4 1100 —
Total depth 16.5
] Hole plugged with Bentonite -

PA1 EHAS B glge0U 10OHE_UPRR kgs

WEr2004



. lprosecT numBER: 179206.5P.04 |eormG wumper: 38.841 Istle_ﬂ t OF 1
CHZ2MHILL
-~ SOIL BORING LOG
Imo&cr: UPRR START: AT004 — FINISH: 2004
LOCATION: Odgen RR AREA:  AQI38 LOGGER: Terence Mares & Aaron Galey
DRILLING SUBCONTRACTOR: EarthProbs _ DRILLING METHOD AND EQUIPMENT: Truck Maunted Geoprobe S400 and 6600
SAMPLE INTERVAL
Depth SO NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASMNG, DRELING
|eeiow RECOVERY USCS CODE MOISTURE GONTENT, RELATIVE DENSITY DR RATE, DRILLING FLUID 0SS,
Surface iy COMSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
()
0.4 of conerete
1 SM 0.4’ - Silty - WHh fine sands, dark brown, sighly maisl, med. dense, low plasticity
20 — 2.2 moist
GOVM
-1 —
_[ 23
GW 5.9 - Geavel - sands with some fines, dark brown, very moist, and loase
—_ - 6.6"HG sheon
— 6.7 HC residual o end of sample 208 OVMat 7.7
— 0.9 HC globlets
10 33 ]
- 10.7 HC residual to end of sampla 40 OVM
= 12,0/ HC resdual 1o snd of sample
T 39 OVM
] 33
13 ]
214 OVM
On d boring colected sample
batweer 135 - $8.5"
MH 16.2" - ity - Clayey

« Combined log with two geoprobs barings two feet apart. First bonng used
single wbe method with a 1.5" sampling sleeve ang could ngt gel discrate sample
batween day and softs above dus 1o 2° gravels, Second boring used dual tube
mathod with 3 2° sampling sleave. YWe ware able 10 obtain a discrete sample
between the clay and sois above,

Cullacted s4il samphe abova clay contact layer al 1228
Top of clay al 16,2

Yotal depth 18.5

Halke plugged with Bentonile

F11631 45 Boring g GUIMOIS_UPRR logs

SMEI04




[PROJECT NUMBER: 178206.5P.04 leosmomomen:  ees2 Jowmmr 3 oF 4
SOIL BORING LOG
START: NATZ004 FINISH: W00
AREA: AQLIS LOGGER: Terence Maros & Asron Galer
EsProve  ORILLNGMETMOD ANDEQUIPMENT:  Truck Mounied Geaprobe 5400 and 6600
SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRLLING
USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENCY, SOL STRUCTURE, MINERALQGY TESTS AND INSTRUMENTATION
ot sP Sands - brown, moist, med. densa, and black slaining . -
| 28 n i
0 OVM
1 SM 26"+ Sity - with fing sands, dark brown, slighlly moist, med. denss, low plasicly 7 N
5 ~ 54 groy . ] —
29 — -t
GW 6.8" - Gravet - sand3 with some fines, dark brown, veey malsy, and lgose _ o
~ 1.1 Increasing sands 0OV
SM 5.0 - Gty - wiih 1@ 5ands, dark, brown, satorated, mad plasticty "
SP 8.8 - Sands - prey, saturated, and med. dense N
10 an . ]
__J 70V
W 10:6' - Geavel - sands with some fines, dark rown, vary moist, and looss ] N
- 7.1 incraasing sands _ _
)
- 1 _ -
=134 - 14T HC shean 11.0vM
] 27 - .
15{ _ ]
WH 5.7 « Sity - Clayey ] 00V _
On d boring collecisd sampl
] - between 14.0-18.5. A
—20] _ —]
— ] — Combined log with twe goopeobe borings two fesl apart First boring used - -
single twhe method with a 1.5" sampling sleeve and coutd not pel discrata sample
] tetwaen clay and soils above due 1o 27 gravels, Second boring used dual tube _ —
mathad with a 2" sampling sleeve. We werg able 1o oblain & discrets sample
| betwesn the day and sofis above. __ -
1 Collected 504 sarmple above clay contact layar at 1110 B T
o Top of clay al 15.7 _ .
Totsl depth 145
] Hole pugged wilh Bantonte ... e

P13 145 BarnglogaiDU TERAO JE_UPRR Ky V004



‘ PROJECT NUMBER: 178206.5P.04 leoaus numeer: 33845 JSHEET & OF 1
CH2MHILL
- SOIL BORING LOG
START.  SA700d FINISH: V572000
Odgen RR AREA: AQI 38 LOGGER: Terence Mares & Aaron Galer
£amProbe ___ DRILLING METHOD AND EQUIPMENT: Youck Mounted 5400 and 6600

SOR HAME, USCS GROUP SYMBOL, COLOR,

DEPTH OF CASING, DRELING

RECOVERY USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
)] CONSISTENCY, SOL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
—_ sp Sands - with gravels, brown, moist, mad. dense, and black staining ]
_— a
0 OVM
_ SM 2.1" « Siity » with fine sands, brown, slightty moist, med. dense, low plasticity _
— 5] —] !
. 27
GwW 5.9°- Gravel - sands with some fines, brown, very moist, and leose
] - 7.5 HC resickeal 10 end of sample ] 20VM
10 49 ] ]
« 10.2" H globlets 00vM
] 7 0oV
| o7 Rotk siuck in shoe, Pool recovery,
15 — —]
On second bonng collected sample
—— between 160 -200°,
—_ 40 .
MH 18.2 - Sity - Clayey

~ Combined log with two gecpicbe borngs two feel apan. First bofing used
singhs tuba method with 4 1.5° samphng sleeve and could not gat discrele sample
botwaen clay and sods above due 1o 2 gravels. Second baring used dual ube
method with 2 2° sampling sleave, We were able 10 obtain & discrete sample
between the day and soits above,

Collected sofl sample above clay conlad layar at 1009
Topofcayat 182 A
Yotal depih 20.00

Hola plugged wih Bentonile

PAIBI145BornglegeiCU 1 RADII8_UPRR kgs

WSRO




. PROJECT NUMBER: 179206.5P.04 Jeorme sumpes: 38844 [SHEET 1 OF 1
CH2MHILL
oy SOIL BORING LOG
START: | o008 FINISH: V52004
AREA: A1 38 LOGGER: Terence Mares & Agron Galer
EsrihProbe  DRILLING METHOD AND EQUIPMENT: Truck Mounted Geoprobe 6600
$OIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
uUsSCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLIMG FLUID LOSS,
CONSISTENCY, SOIL STRUCTURE, MNERALOGY TESTS.AND INSTRUMENTATION
_ Driffers did nol collett sample _
sl _ _
= M 6.1 - Silty - with fine sands, gray, molst, sofl, low plasticity 7 N
] | 1.90VM i
38
1 SP 80" - Sands - with fines, grey, very moist, (0ose .
GW 8.8' - Gravel - with sands, grey, salurated, and loose
10
+ black fiuid on top of gravels in steeve .
- 25 T 15.4 OVM 1
=] —13.4-13.8 reskdoal HC - 7
15| ] ]
1 34 — .
| ] 16,8 OVM i
- MH 18.7 - Silty - Clayey ] -
20
1 Collectod stil sample abcve ciay contact layer at 1446 ~ 7
_ Top of clay al 13.7 _ .
Tatek depth 20.0¢
] Hole pluggoed with Bentonite _ |

P18 MFBoARgogtU IMAOIE UPRR logs

VAB2004



|prosecT smmBER: 179206.5P.04 lecre wumsER: 20.845 |SHEET 1 OF
SOIL BORING LOG
START: 5200 FINISH: WEI2004

AREA: AOI 38

EarthProbe DRILLING METHOD AND EQUIPMENT:

Truck M

LOGGER: Terence Mares & Aaron Galer

ted Geoprobe 6600

S0IL NAME, USCS GROUP SYMBOL, COLOR
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, $0IL STRUCTURE, MINERALDGY

DEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS AMD INSTRUMENTATION

03 o ¢ _l
5p 0.3 - Sands - with fines, brown, moist, loose 7]
] = 1.0" bleck staining | 23,9 0VM _
20
5| ] 1
395 N 12.4 OVM ]
oW 8.6~ Gravel - with sands, grey, very moist 1o saluraled, and loose 7 1
10 = 9.2 black staining to end of sample | 1
] 33 . 40VM
] - 13.8 - 14.1" increasing sand content T
15 SM 14,1 - Silty - with fine 5ands, grayish brown, saturated, med dense, med plasticty 1
38 ] 20.30VM T
] MH 17.7 - Silty - Clayey ] N
20

Collected soil sample above clay conlact layer at 1524

Top of day al 17.7
Total depth 20.0¢
Hote plugged wilh Bertonile

PAIEI IS\ BadingDgROUIBAO1A_UPRR logs

FELT004



' ROJECT NUMBER: 179206 5P.04 [noruwG nuMaER: wbis fsHeer 1 oF 1
CH2MHILL
N SOIL BORING LOG
FROJECT: UPRR START: 42004 FINISH: ~HBI2004
LOCATION: Odgen RR, AREA: AQI38 LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProbe DRILLING METHOD AND EQUIPMENT: Truck Mounted Geoprobe 5400
Depth SO NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface {f CONSISTENCY, SO, STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
| sP Sands - with gravels, beown, dry, locse ] n
] — black stalning throughout _ 31 OVM i
33
5 M 3.6 - Silty - with fine sands, grey, moist, med dense, low plasticity | _
] — vory moist 10 salurated 7] ]
. 50 r 250UM n
10 _
] sp 10.0 - Sands - with silts, grey, salurated, no plaslicily _ -
. ] 50 ] n
4 _ ] 1.0 OVM |
GW 126" - Gravel - wilhy 5ands, grey, saturated, and Yoose
15 | 1
=] 7] 0.5 0VM 7
- 43 MH 7.0 - Silly - Clayey n
20
Collecied sod sample sbove clay contact layer o1 0850 1 =
_ Top of clay st 17 _ _
Tolal depih 20.0¢
—_ Hole plugged with Bentonile ) n

PME3 4R Boringlog eI HOVOINE_LUPAR oy

A 1G2004



0 PROJECT NUMBER: 179206.5P.04 ~Joorins NuMBER: 38847 |SHEET 1_OF %
CH2MHILL
- SOIL BORING LOG
START: E2004 FINISH: 82004
Odgen RR . AREA: AQI 38 LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRALCTOR: EarhProbe DRILLING METHOD AND EQUIPMENT: Truck M d Geoprobe BE0G
SAMPLE INTERVAL
SOIL MAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface ) CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
-] SM Silty - with fine 5nds, brown, moist, med dense, low plasticity ]
— 23 ] 0 OVM
] — 3.4' some gravels and black slaining 7
5 p— —
— | Densefroms - 8" Took 20 minutes
1o get through.
] 28 ] 0OVM
] oW 7.4" - Gravel - with sands, grey, very moist, and loose T
10 _ ]
1 | 10 OVM
22 « 12,7 HC sheen
] —12.7 - 13.0' HC globlets -
15| — ]
| — 16.% increasing sand content -
] 28 n 4.1 OVM
] MH T8 - Sity - Clayey -
20
— Collecied soil sample above tay contact layer al 1130 B
Top of clay at 17.8°
Tatal depth 20.0°
- Hole plugged with Bentonite n

P \163145 B oringlogaTUHOMOIS_UPRR logs

1G04




Pipe Graphic Reportof PLR  38-WW8

A for CH2M HILL

Surveyed On 12/22/2003  Setup 9

Works Order Numbor Coassefte 1
Facility Operator TODD Van Reference 1 Woather SNOW
Road Name SP AREA Fisce Name OGDEN
Location type
Surfece
Survey purpose LOOKING FOR AN UNKNOWN PROBLEM
_Fipe Use SANITAIRY SEWER Schedufelength 1000 A | From 38-WW8  _  Depth A
Shepe Ciroutar Sire 10 by ins To J8A-WWG Depth A
Materfal STEAL Jointspacing 130 R Direction Down
Lining STEEL Yeor taid o Pro-clean Last cleaned
General note Structural Service Constructional
Locaton note Miscellaneaous Hydiaulic
Distance { Ft ) Description (Showing categories: Structural Sendce Constructional Miscellaneaous)  Media

1000 — O ——  38A-WWSE (Downstream. Depth = Fi) Tape end:

156

—

Survey abandoned [DIRTY)]

Water level 0

00 —
00 — ( ) ——  33WWB8 (Upstream. Depih = Ft) Tape start:0000




Pipo Graphic Reportof PLR 38AWW6 A for CH2M HILL

Surveyed On 122272003 Sefup ©

Works Order Number Cassette 1
Facliity Operator TODD Van Reference 1 Weather SNOW
Road Name SP AREA Place Name OGDEN
Location type
Surface
Survey purpose LOOKING FOR AN UNKNOWN PROBLEM
Pipe Use SANITAIRY SEWER w.mmh 1500 H Fom 38WWE Depth R
" T T Shape Ciroular T Size 6 by ins To 3BAWWG Depth F
Materisl WHITE PLASTIC Joint spacing 130 R Direction Up
Uining WHITE PLASTIC Yoor Inid 0 Pre-clean  Last cleaned
General note Structural Service Construdlional
Location note Miscellaneaous Hydraulic
Distance { Ft ) Description (Showing categories: Structural Service Constructionat Miscellansacus)  Madia
1500 — Q —_— WA-WWE  (Upstream. Depth = Ft) Tape end:

Survey abandoned [DIRTY)

— Water tevel 0

0.0 ——
0.0 —_— ( I ——  MWWE {Downstream. Depth = Ft) Tape slart0000




Pipe Graphic Report of PLR  38-WW6 A for CH2M HILL
Works Order Number Cassetfe 1 Surveyed On 1272272003 Setup 777
Faciiity Operator TODD Van Reference 1 Weathor SNOW
Road Name SP AREA Place Name OGDEN
Location type
Suiface
Survey purpose LOOKING FOR AN UNKNGWN PROBLEM
Fipe Use SANITAIRY SEWER .| Schedidelongth 1500 R | From 33-WWS . Deptr R |
Shape Circular Sire8 by ins To 38A-WWT Depth R
Material WHITE PLASTIC Joint specing 130 Rt Direction Down
Lining WHITE PLASTIC Year tald 0 Pro-clean Last cleaned
General note Structural Service Constructional
Locaton note Migcellaneaous Hydrauhc
Distance { Ft) Description {Showing categories: Structural Service Constructional Misceltaneacus)  Media

1500 —— O —  3BA-WWT7T (Downstream. Depth = Ft) Tepe end:

0w —— X

Survey abendoned [DIRTY]

—— Water level 0

00 —_—
0.0 _— ( ) ——  33WWGE (Upstream. Depth = F{) Tape start:0000




Pipe Graphic Report of PLR  38A-WW3 A for CH2M HILL
Worls Order Number Cassette 1 Survayed On 12222003  Setup 8
Facllity Operstor TODD Van Reforence 1 Weather SNOW
Road Name SP AREA Place Name OGDEN
Location type
Surface
Survey purpose LOOKING FOR AN URKNOWN PROBLEM
Fpe Use SANI'I_'AIRY SEWER W. lngth 626 R From 35-WW3 Depth [ 4
Shape Ciradar ' Sire 6 by ins To 38A-WWR Depth A
Material WHITE PLASTIC Jointapacing 130 R Direction Up
Lining WHITE PLASTIC Yoar Intd 0 Pro-clean Last cleaned
General nofe Structural Service Construclional
Locstion note Miscelianeaous Hydrautic
Distance (F1) Descriplion (Showing colegories: Structural Senvice Constructional Miscellanaaous) Media

626 — S) —  3BAMWWI (Upstream. Depth = Ft) Tape end:

0.0 —— — Water tevel 0
38-WW3 (Downstream. Depth = Ft) Tape start:0000




Pipe Graphic Report of PLR  38-WW3 A for CH2ZM HILL
Works Ordor Number Coasetie 1 Surveyed On 12/22/2003  Sefup 4/5
Fadility Operator TODD Vai Reference | Woeather SNOW
Road Name SP AREA Plece Name QOGDEN
Location type
Surface
Survey purpose LODKING FOR AN UNKNOWN PROBLEM
.. Pipe Use SANITAIRY SEWER Schedufofength 10000 Ft | From 38-WW3 Degth R
Shepe Circular Sire 10 by ins To 34WW2 Depth A
Materiad CLAY Jointspacing 400 At Direction Down
Lining CLAY Year lald Pro-clean Last cleaned
General note Structunal Service Constructional
Location note Miscellzneaous Hydrautic
Distance { Ft) Description (Showing categories: Structural Senvice Constructional Miscslianeaous) — Media

10000 —— l ) ——
10\'.!1.0 — _————

s a s

34-WW2 (Downstream. Depth = Fi) Tape end:

Water level

Water level 0

Survey abandonad [HRTY WATER CANT SEE]

I-WW3 (Upstream. Depth = Ft) Tape start:0000




7
Pipe Graphic Report of PLR  38-WW4~ A

for CH2M HILL
Works Order Number Cassette 1 Surveyed On 12222003 Setup 312
Faciiity Operator TODD Van Reference 1 Weather SNOW
Rosd Name SP AREA Place Name OGDEN
Location type
Surface
Survoy puipose LOOKING FOR AN UNKNOWN PROBLEM
Fipe Use SANITAIRY SEWER Schedudo fongth 1500 A | From 38:WW3 Depth R
Shape Circular Sire 10 by ins To 38V Depth 21
Material CLAY Joint spacing 4.00 R Direction Up
Lining CLAY Year lold Preclean Last cleaned
Ganeral note Structural Service Constructional
Location note Miscellaneaous Hydraulc
Distance { Ft ) Description (Showing categories: Structural Service Constructional Miscellaneaous) Media
500 — —  3-WW4 (Upstream. Degth = Ft) Tape end:
100 — ———  Walerlevel 0
':I R
AR LN
v 1382 —— ' .  Suweyabandened [DIRTY)
g
10 Manhole/Node [38-WW4j
0.0 L ﬁ.-[-— Water level 0
0.0 — —

I-WW3 (Downstream. Depth = Ft) Tape start:0000




t'.1:"y
Pipe Graphic Report of PLR  38A-WW4 A for CH2M HILL
Works Order Number Cassette 1 Surveyed On 122212003 Setup 1
Facikity Operator TODD Van Reference 1 Weather SNOW
- Road Name SP AREA Ploce Neme QGDEN
. Locefion type
= Surface
Survey puwrpose LOOKING FOR AN UNKNOWN PROBLEM
Pipe Use SANITAIRY SEWER Wolarpm 1500 A From 38-WW4 Depth R
Shape Circular T Size 10 by ‘Ins To 3BAMW Depth K
Matorial CLAY Joint spacing 400 R Direction VUp
Lining CLAY Yoar laid Pro-clean Last cleaired
Genersl note Structural Service Constructional
Location note Miscelaneaous Hydraulic
Distance { F1) Description (Showing catagories: Structural Service Constructional Miscellaneaous)  Media

1500 —— Q ———  33A-WW4 (Upstream. Dapth = Ft) Tape end:

X ——  Surveysbandoned [DIRTY}

Y

—_— Water leved

— E 5 ——  3BWW4 (Downstream. Depth = Ft) Tape start:0000




A for CH2M HILL A

Pipe Graphic Report of PLR  38-WW4
Worka Order Number Cassefle 1 Surveyed Op 1272272003  Setup 23
Fadiity Qperator TODD Van Reference | Weather SNOW
Road Name SP AREA Placo Name OGDEN
Location type
Surface .
Survey purpose LOOKING FOR AN UNKNOWN PROBLEM
Flpe Use SANITAIRY SEWER Schecude fongth 1500 A | From 38-WwW4 Depth A
Shape Circular™ — Sire 10 " by ins To 36WW3 ’ Depth f 2 4
Materlal CLAY Joint spacing 400 A Direction Down
Lining CLAY Yoar lald FPro-clean Last cleaned
General nofe Structural Service Constructional
Location note Miscellanesous Hydraulic
Distence ( Ft) Description (Showing categories: Structural Service Constructional Miscellaneaous) Media
1500 —— ( ] e 36-WW3 {Downstream. Depth = Ft) Tape end:
%00 — T Walerlevel 0
148 —— X ——  Survey abardoned [DIRTY]
0.0 PR e Water level 0
00 — ( J ——  3BWW4 (Upstream. Depth = Fi} Tape start:0000




APPENDIX D
DNAPL DELINEATION REPORT



MEMORANDUM ¥ THE FORRESTER GROUP

INSTGHTFUL ERVIRONMEN FAL SOLUTIONS™

Date: October 20, 2003
To: File
From: Hoyt Sutphin
Subject: Ogden Railroad Facility
AOQI-33
Additional DNAPL Zone Delineation
Copy to:
INTRODUCTION

As part of the remedial investigation for the Northern Area (QU-01), the zone of hydrocarbon DNAPL
contamination associated with the former Pintsch Gas Works facility was delineated through the
completion of 79 soil borings and the drilling and installation of 25 monitoring wells. The extent of the
DNAPL zone as defined by the RI investigation is shown on Figure 2-11 of the R report.’

Following submittal of the draft RI report, gaps were identified in the existing data; specifically, lack of
subsurface data in the estimated area of the plume at the following locations;

e North of the Ogden River and west of the rail tracks,
e North of the 33-MWI1FP DNAPL pool, and

o In the general area north of 33-MW2FP (approximate location of the former Pintsch Gas Works
facility).

It was determined by the regulatory agencies that additional data was needed in these areas to support the
subsequent remedial design and/or remedial action at the site?.

In June 2003, a pilot geophysical survey was conducted over the DNAPL zone using electromagnetic soil
conductivity instrumentation. The results proved unsuccessful and use of the geophysical instrument was
severely limited by the apparent presence of buried and surface metal over much of the area. Variations
in so0il conductivity possibly associated with buried channels or depressions in the Alpine clay surface
were masked by the instrument’s response to the widespread background metal distribution. A summary
report on the geophysical investigation was submitted to EPA in the June 2003 monthly progress report
for the UPRR site.

The site investigation work plan for the field work described in this document was approved by EPA on
September 2, after the number of proposed boring locations was revised to 34, from the original 20 boring
locations included in initial the January 2003 work plan.

! Remedial investigalion Report - Part 2 - Final; Forrester Group, Arvada, CO, September 2003.

2 EPA review Comments on DNAPL Delineation Work Ptan, March 12, 2003; submitted to Gary Honeyman (UPRR) by Mario Robles
{EPA).

JiGgdeniFeasbil ty StiapotAppenda A-G211017-hbs dos



MEMORANDUM 4
Octaber 27, 2009 THE FORRESTER GROUP

I L N I ST AR 5 CES R S S L s M L IO

vi

INVESTIGATION OBJECTIVES & PROCEDURES

Based the data as presented in the RI Report (Part 2), the DNAPL occurs in structurat depressions on top
of the Alpine Clay. The main objective of the field investigation was to refine the interpretation of the
Alpine clay surface and identify-all low areas and preferential pathways where DNAPL could accumulate,
with the goal of identifying target areas of the DNAPL zone that would need to be considered for DNAPL
recovery under the remedial action aliernatives evaluated in the Feasibility Study. A secondary objective
was to fill the data gaps described above. Both objectives were met as a result of the investigation.

Additional DNAPL zone information was obtained through the completion of soil borings and
observations of core during the field program conducted September 10" through the 15". Thirty four
additional borings were completed (Figure 1, boring locations 33-B85 to 33-B118). The work was
conducted using Geoprobe direct push technology, with a dual-tube 5-foot coring system. Continuous
core was retrieved in 5 foot lengths, beginning at 10 feet below the ground surface and continuing through
the clay contact. Field observations made on each core to estimate the nature of DNAPL contamination
include; (1) the presence of oil sheen, (2) degree of residual staining on gravels including occurrences of
blebs or other evidence for the indication DNAPL in residual amounts, and (3) occurrence of potentially
mobile DNAPL (i.e. soils with saturated pore spaces).

CONCLUSIONS OF ADDITIONAL DATA ANALYSIS

Logs of the completed borings are provided in Attachment 1. Attachment 2 contains representative
photographs of core from the borings illustrating various degrees of DNAPL contamination. Boring
completion information is summarized in Table 1, which includes the total depth of the boring, the depth
below the ground surface and elevation of Alpine clay, and the vertical extent of DNAPL contamination
observed in the core. The term “Residual Oil” in the four right hand columns in Table 1, refers to visual
evidence of DNAPL in the soil, ranging from red staining to core saturation. It does not include intervals
with only groundwater sheens.

Figure | shows the locations of all subsurface data for the DNAPL zone area. Locations shown in green
are the September 2003 borings. The red isocontour lines show the interpreted ¢levation of the clay
surface based on the previous elevation data (tables 2-3 and 3-1 of the Rl Report Part 2) and the
additional data contained in attached Table 1. In addition, the limit of the DNAPL zone (gray shaded
area) was revised based on the September data. Revisions in the DNAPL zone characterization as
compared to Figure 2-11 of the RI report (Part 2) are as follows:

1. Two small areas shown by 33-B90, 33-B103, and 33-B104 within the main body of the DNAPL
zone do not have evidence of DNAPL contamination.

2. An approximate 15,000 square-foot area north of the Ogden River and west of the UPRR rail
track does not appear to have evidence for DNAPL contamination. This area is identified by
borings 33-B60, 33-B117, 33-B118, and 33-B114.

3. Minor revisions were made to the area of DNAPL zone adjacent to the east end of the 21 Street
pond, based on re-contouring of the clay surface in that area.




MEMORANDUM
Qctober 27, 2003

vi

THE FORRESTER GROUP

TNSLGEITFUL PRYIRONMENTAL SOLUTIONS™

Results of the re-contouring and observations of retrieved core show four low areas or depressions in the
top of the Alpine Clay that may host accumulations of potentially mobile DNAPL that may be
recoverable.

1.

The largest is in the area of 33-MWI1FP, where the pilot DNAPL recovery system removed over
1,400 gallons of DNAPL. Two 2 feet of DNAPL remain in the monitoring and recovery wells in
this area. Another smaller depression exists 75 feet NW of the 33-MW1 area. This depression is
represented by 33-B18 and 33-MP3, although 33-MP3 does not have any measurable DNAPL
accumulation.

The second area is at the northern end of the DNAPL zone, north of the Ogden River. This
depression is represented by borings 33-B69, 33-B113, and 33-MW4FP. 33-MW4FP does not
have measurable accumulations of DNAPL, and had very limited indications of DNAPL
contamination during drilling and installation. 33-B69 had DNAPL saturated gravels, as did 33-
B113. An additional piezometer should be installed in the center of this depression to determine
if mobile DNAPL is present.

The third area is near 33-MW2FP, which is in the vicinity of the former Pintsch Gas structure.
Over 400 gallons of DNAPL were removed from the pilot test recovery well near 33-MW2FP.
The operation of the pilot system appears to have depleted DNAPL in this area, as the pilot
system observation wells and recovery well have not had measurable DNAPL accumulations
since the end of the pilot test. A deeper area on top of the Alpine exists about 75 feet NW of 33-
MW?2FP, as defined by boring 33-B91. The clay elevation is about 2.5 feet lower at 33-B91.
Although the observation of the core retrieved from this boring did not show clear evidence of
potentially mobile DNAPL, it may have been limited by the poor core recovery. The proximity
of the 33-MW2FP area and deeper gravel-clay contact make the occurrence of DNAPL in this
depression likely. An additional piezometer should be installed in this depression to verify the
presence or absence of mobile DNAPL.

The final area is the small depression identified by 33-MWSFP. This well appears to occur in a
depression also identified by three other borings wit evidence of residual oil. Well 33-MWS5FP
contains less than 1 foot of DNAPL in the bottom of the well.
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Table 1
21" Street Pond
Geoprobe Boring Data (33-B85 to 33-B118)
. Ground Feet to Top | Feet to Bottom Elevation
i?oring ID| Boring Nortbing Easting Elevation Total Depth to Clay of Residual of Residaal Residaal Oil Top of

Date {feet MSL) Depth Clay Elevation Ol Oll Thickness Residual Oit
33-B85 9/10/2003] 3608323.96] 1506217.976 4283.04] 19.0 15.5] 4267.54 16.3 18.5 0.2 4267.74
33-B86 9/10/2003] 3608289.47] 1506181.573 4283.42] 20.0 16.7| 4266.72 16.1 16.7 0.6 4267.32
33-B87 9/40/2003] 3608239.57] 1506057.058 4285.04] 20.0 19.5] 4265.54 14.8 19.5 48 4270.29
33-B88 9/10/2003] 3608358.21] 1506067.845 4280.48] 20.0 15.75] 4264.73 13.5 15.8 2.3 4266.98
33-B89 | 9/10/2003| 3608349.18] 1506161.529 4282.46] 20.0 16.25| 4266.21 15.0 16.3 1.3 4267 .46
33-B90 | 9/10/2003| 360350.042| 1506262.848 4282.75] 20.0 17.5| 42065.25 ND 0.0
33-B91 9/10/2003] 3608282.6] 1506260.667 4285.06] 25.0 24.4| 4260.66 13.5 24.4 10.9 4271.56
33-B92 9/10/2003] 3608213.861 1506196.795 4285771 20.0 19.9] 426587 13.4 19.9 6.5 4272.37
33-B93 | 9/11/2003]| 3608314.43| 1506334.619 4284.83] 25.0 21.25] 4263.58 13.0 21.3 8.3 4271.83
33-B94 9/11/2003| 3608264.93] 1506423.283 4285311 250 21.3] 4264.01 12.8 21.3 8.6 4272.56
33-B9S 9/11/2003]| 3608170.03 1506402.6 4285.75| 25.0 221] 426365 20.9 22.1 1.2 4264.85
33-B96 9/11/2003] 3608438.07| 1506267.243 4282.96] 24.0 20.5] 4262.46 18.8 20.5 1.7 4264.16
33-B97 9/11/2003] 3608397.43] 1506326.085 4283.76] 235 21.25] 4262.51 12.8 21.3 8.5 4271.01
33-898 9/11/2003] 3608440.92| 1506368.581 4284.81] 24.0 22.5) 4262.31 13.4 22.5 9.1 4271.41
33-B99 9/11/2003] 3608492.2) 1506320.733 4283.98] 24.5 22.5| 4261.48 14.3 22.5 8.3 4269.73
33-B100 | 9/11/2003] 3608547.82] 1506317.709 4284.92] 240 23.25| 4261.67 21.8 23.3 1.5 4263.12
33-B101 ]9/11/2003] 3608401.46] 1506221.323 4282.421 235 21.2] 4261.22 19.8 21.2 1.4 4262.62
33-B102 19/11/2003) 3608354.98] 1506366.321 4284.56] 24.0 20| 4264.56 14.0 20.0 6.0 4270.56
33-B103 {9/12/2003| 3608444.72] 1506127.592 4278.46] 15.0 15] 4283.46 ND 0.0
33-B104 | 9/12/2003| 3608486.97] 1506130.332 4278.36] 15.0 12.3] 4266.06 ND 0.0
33-B105 | 9/12/2003| 3608687.86{ 1506059.482 4278.11| 15.0 14.5] 4263.61 13.5 14.5 1.0 4264.61
33-B106 | 9/12/2003| 3608679.51] 1506112.878 4277.79] 20.0 16.2| 4261.59 15.0 16.2 1.2 4262.79
33-B107 | 9/12/2003| 3608726.43| 1506110.538 4277.59| 15.0 13.6] 4263.99 12.8 13.6 0.9 4264.84
33-B108 | 9/12/2003]| 36087192.19] 1506170.358 4278.06] 20.0 19]  4259.06 18.2 19.0 0.8 4259.86
33-B109 | 9/12/2003] 3608439.22| 1506177.719 4283.27] 20.0 19.8] 4263.47 19.0 19.8 0.8 4264.27
33-B110 | 9/12/20031 3608629.14| 1506236.611 4283.81] 25.0 24] 4259.81 17.0 24.0 7.0 4266.81
33-B111 | 9/15/2003; 36(08578.53] 1505824.68 4279.49] 20.0 15.75] 4263.74 ND 0.0
33-B112 | 9/15/2003| 3608947.81]| 1506195.888 4283.57] 29.0 27.6] 425597 22.2 27.6 5.4 4261.37
33-B113 | 9/15/2003] 3609091.6] 1506139.744 4280.85] 29.0 25| 4255.85 17.7 25.0 7.3 4263.15
33-B114 ]9/15/2003] 3608942.94| 1506077.533 4278.18] 20.0 18.2] 4259.98 ND ' 0.0
33-B115 |9/15/2003] 3608932.13] 1506119.501 4279.45|] 25.0 22.6( 4256.85 18.5 22.6 4.1 4260.95
33-B116 | 9M15/2003] 3609154.9] 1506088.36 4278.79] 25.0 21.5| 4257.29 19.3 21.5 2.2 4259.49
33-B117 [9/15/2003] 3609058.72] 1506033.595 4280.17] 20.0 15.75| 4264.42 ND 0.0
33-B118 [9/15/2003]| 3609030.04]| 1505988.972 4279.687] 20.0 16] 4263.67 ND 0.0

10f1




MEMORANDUM ~ 4
October 27, 2003 THE FORRESTER GR_OUP
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PROJECT:  UPRR
LOCATION:  OU-1
DRILLING SUBCONTRACTOR:

AREA:  Northem Area

EaffhProbe  DRILLING METHOD AND EQUIPMENT;

. |ProsECT NUMBER:  170169.01.42 [eorivG vuMBER: 33885 sweeT 1 OF 1
CH2MHI
i HILL SOIL BORING LOG

SOZ003 FINISH: HI0I2003

Track-mounted Geoprobe & 5 it Macm-Cors sampier

LOGGER: Terence Mares & Aaron Galer

SAMPLE INTERVAL

Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |UsCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surfaca (f) CONSISTENCY, 50IL STRUCTURE. MINERALOGY TESTS AND INSTRUMENTATION
i
_ Sand - poorly sarted, with gravel, dry, loose, and no odor . .
—] &P o] .
5
5 S# - sandy, reddish brown, low plasticity, medium danse, dry, no odor - ]
R 5 ML _ _]
] — Send lense from &' o 8.2 - n
18] —
— 2.5 — -
] sW 12.5' - Sand - poorly sorted, greyish brown, waler salurated, medium grained ] N
1 —
_| TResre |50 15.3 - 18,5 - Gravel - siity with sand, HC odor, residual HC i
— Ay MH Ctay - Silty, high plasticity, very sof), grey | A
20 Top of resldual HC al 15,3 ] ]
— Top of dlay a1 15 5'
| Total depih 19° _ -
Hale plugged with Bantonile
i Depth to water a1 12.5° _ A
Picture # 20
PAEM 4 Boring bgstOLMMBoring g BA5 to (118 1272009



e |prosecT NUMBER: __ 170169.01.43 |eorinG numeER: 13886 |SHEET 1 OF 1
CH2Z2IMVHILL

- S0IL BORING LOG

PROJECT:  UPRR START: 910/2003 FINISH: 9012003

LOCATION: ou-1 AREA:  Moithern Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProbe _ DRILLING METHOD AND EQUIPMENT: Track-mounied Geoprobe & 5 fi Macro-Core sampl

SAMPLE INTERVAL

— 13.% - HC sheen

Silty - sandy, grayish brown, HC odar, low plasiicity

z |
17
5

16.1' - Gravel - silty with sand, Kase, saluraled, strong HC odor,

Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Betow RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
|Surface [uH] CONEISTENCY, SOIL STRUCTURE, MINERALO(GY TESTS ANDHINSTRUMENTATION
r(\‘_ll
— oM N -
27 12,7 - Gravel - silty with sand, locse, saturated

- GM
[4 'g" / residual HC ]
] 45 MH 16.7 - Gilly - clay, grayis brawn, high piasticity
— - -
20
i Top of HC sheen at 13.3' |
_ Top of residualimabile at 16.1° ]
Top of clay at 16.7"
| Total depth 20 ] i
Hole plugged with Bentanila
25 Piclures ¥ 21, 22, 23

SLCWP A7 12 1sumrepoiiogrBoring bgs Bas o Bi18

Page 1of |

122000




PROJECT NUMBER: 170168.01.43 IBORING NUMBER:

33887 |SHEET 1 OF 1

SOIL BORING LOG

START: 91072009
AREA: Horthern Area

FINISH: S0/Z003
LOGGER: Terenca Mares & Aaron Galer

EarthProbe DRILLING METHOD AND EQUIPMENT: Teack-mounied Geoproba & § it Macro-Core samples

SOK, MAME, USCS GROUP SYMBOL, COLOR

DEPTH OF CASING, DRILLING

USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
— . ]
25 GM $2.5' - Gravel - silty with sand, loose, satuated
1 _ - 14.6' - HC sheen ]
15| T~ iMeent - 14.75 - HC residus! ] —
—_ a‘LSa;'r: _
4
] 175 7]
— f?cJ:: oy -
2 - B o5 - Sy dayey
. ] Top of HC sheon at 14.6° |
Top of residual at ¥4.75°
Top of clay at 19.5 _
] Tolal depth 20/
25| Hole plugged with Bentonite - ]
Na Picturs
SLCIP 114712 VisumseporiiogviBoring %xgs BAS to 8118 Pogo 1 od1 121000




0 PROJECT NUMBER:  170369.01.43 lsorme wumaer:  338ss  {smEeT 1 OF 9
- I SOIL BORING LOG
START:  9/0/2003 FINISH: S0/2003

AREA:  Northemn Area

LOGGER: Terence Mares & Aaron Gater

EarthProbe DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobe & 5 ft Macro-Core sampler

SOIL HAME, USCS GROUP SYMBOL, COLOR

DEPTH OF CASING, DRILLING

USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
1 GM 12" - Gravel - silty with sand, loose, sahraled . _
30 = 12.7' - HC sheen
1 j‘}{(ﬂ =135+ HC residual , A
— - -
18| Vyeirtnl
_I_ - 15.Z - Residual HC with sheen |
15.75' - Silty - clayey ] _
5 MH

Top of HC sheen at 1.7
Top of residual HC a1 13.5'
Top of clay al 15.75"

Tolal depth 20"

Hole plugged with Benlonite
Pictures # 24, 25

SLOPAH 2 {summporiiopeBoring kgs BES to 8118

Page 1of 1

1172009




. PROJECT HUMBER: _ 170163.01.43 [sorNG numBER: 33839 sHEET 1 oF 1
CH2MHILL
- SOIL BORING LOG
PROJECT:  UPRR START:  9/102003 FINISH: G0/2003
LOCATION: DU AREA:  Northam Amea LOGGER: Terence Mares & Aaron Gater
DRILUING SUBCONTRACTOR: EarthProbe  DRILLING METHOD AND EQUIPMENT: Track-nounied Geoprobe & § ft Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING

Balirar RECOVERY
Surface {fi)

USCS CODE

MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, S0IL STRUCTURE, MINERALOGY

RATE, DRILLING FLUID LOSS,
TESTS AND INSTRUMENTATION

L Tope

L? 3 ﬂ‘j‘/o /

oM 14" - Gravel - silty with sand, loese, salurated, shghl HC odor
= 14" - HC shesn —
=15 - Residus HC
16.25 - Silty - clayey 7]
M

Fist Iry batween 15 and 20" no recovery
Pusghed Gp down (0 move rock tried
again between 21 and 24' for sample.
Moved hole 3.5 and stant sampling at
1%,

Top of HC sheen at 14"

Top of residual HT at 15
Tap of clay gl 16,25

Total depth 20¢

Hole plugged with Bentontle
Mo pictures

ELCPAT A2 umrepartikgniBoring g BES w118

Pope 10l 1

VW2 A7Z000



a PROJECT NUMBER:  170169.01.43 leorng nuMeer: 33-Bo0  |SHEET t  OF |
CH2MHILL
- SOIL BORING LOG
FROJECT: UPRR START: 91042002 FINISH: 9/10/2003
LOCATION: ou-1 AREA:  Marthem Arez LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProbe DRILLING METHOD AND EQUIPMENT: Track. d Geoprobe & 5 ft Macro-Core sampler
SAMPLE INTERVAL
Depth SO NAME, USCS GROUP SYMBOL, COLOR DEFTH OF CASING. DRILLING
Below RECOVERY  JUSCS CODE MOISTURE CONTENT. RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface {tt) CONSISTENCY, 501 STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
{ft)
p— 26 — -
_ GM 12.5' - Gravel - silty with sand, loose. saturated, no odor, no HC sheen _ .
13 _ ]
p— 3 . -
] Sitty - clayey T T
— MH . -
20
25 Top of clay a1 17.5' | ]
Tolal depih 20°
1 Holz plugged with Benlonite _ _
N pictures
-— = -

SLOP 14T (2 (sumneporiogeiborning kds BES 1o b112 Pageicl i W00



PROJECT NUMBER: 170169.01.43 I_BORNG MUUMBER: 33-B9t ISI-E‘E‘I‘ 1 OF 1

SOIL BORING LOG

START: 902003

AREA; Northem Area

EarthProba DRILLING METHOD AND EQUNPMENT: Track:

ied Geoprobe & 5 It Macro-Core sampler

FINISH: ELF
LOGGER: Terence Mares & Aaron Gaber

Balow RECOVERY |USCS CODE

SOIL MAME, USCS GROUP SYMBOL, COLOR
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

DEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS AND INSTRUMENTATION

N trs

275 fet Ay

20}

: /ﬂu‘:/?m /!

13.5" - Gravel - silty with sand, strong HC odar, stan of HC residual

~ HC residual through out sample

— HEC rasidual through out semple

—] - .
25| — i1 BT
— Top of resicusl HC a1 13.5 7 N
] Top of clay at 24.4' _ -
Totat depth 25°
| Fiole phugged with Berilonite _ ]
Mo pictures
—_— pa— —
— - .
— - .
SLEW 1147 12 isumneporiagaiBoning loga DA% 1o B113 Page 1ok 1 2203



0 PROJECT HUMBER:  170169.01.43 leorinG wumBER: 33892 [sHeer 1 o 1
CH2MHILL
. SOIL BORING LOG
PROJEGT:  UPRRK START: 911072003 FINISH: S0/2003
LOCATION: O-1 AREA:  Morthem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarhProbe  DRILLING METHOD AND EQGUIPMENT: Track-mouniad Geoprobe & 5 # Matro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |UsSCS CODE MDISTURE CONTENT, RELATIVE DENSITY OR RATE. PRILLING FLUID LOSS,
Surface " CONSISTENCY, S$OIL $STRUCTURE. MINERALOGY TESTS AND INSTRUMENTATION
{ft)
— R ] .
T Tshheewn 1 7
] GM 13 - Geavel - silty with sand, HC oder, starl of HC sheen _ _
—12.4' - HC residual
15 ] _
_._I 4o 130 -\.\ - —
- L 23 ~17.6' - Mobile HC oazing from sediment jus! like 33-885 7] B
& ek .,-lvu-?
20 M 199 Sy ciavey

Top of HC sheen at 13 _
Top of residual HC at 13.4' ‘|

Top of mobile HC at 17.8' ]

Top of clay at 15.9°

Total depth 20

Hale plugged with Benlanile
Piclures # 26, 27

Ltttk

SLOP AT 2T sumreportioniBonng ks BES 1o 8118 Page 1ol t 1002 142003



. PROJECT NUMBER: __170169.01.43 |[soRinG vumBeR: 33833 [smeer 1 o
CH2MHILL
g SOIL BORING LOG
T START, | SA2003 FINISH: TII2003
LOCATION:  OU-1 AREA:  Nodhem Ares LOGGER: Terance Mares & Asron Gater
DRILLING SUBCONTRACTOR: EorihProbe  DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobo & 5 A Macro-Core sampler
[SAMPLE INTERVAL —
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECGVERY [UUSCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface m CONSISTENCY, SOB, STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
)
] 22 12.2' - Gravel - silty wih sand, stight HC edor T
1 —12.8" - HC sheen _
= GM ~ ¥3' - Residual HC
u— 2.\ -
1 5 ) ] |
R
_| “z —
— hY -
) 2
N
— |3 a
20 I N ] |
— s "
] MH 21.25 - Silly - clayey _
25
_ Tog af HC sheen a1 12.8° _
Top of residual HC a1 13°
| Top of clay at 21.25' a
Toted degth 25°
_ Hale plugged with Bentanits _
Piclures # 28
— -

SLOWAMAT 12 1aumreporiogiibioning logs 835 to 6118

Pegetof1 V2 H2009




0 PROJECT NUMBER: 1701690142 lecring NUMBER: 332894 |SHEET 1 OF 1
CH2MHILL
N SOIL BORING LOG
PROJECT: UPRR START: 5172003 FINISH: S 172003
LOCATION: ou1 AREA:  Monhem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProbe  DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobe & § fi Macro-Core sampl
EAMPLE INTERVAL — -
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT. RELATIVE DEMSITY OR RATE, DRILLING FLUID LOSS,
Surlace ) CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
()
— ML Silty - sand, low plasticity, saluratad, grayish brown |
— | —11.5' HC sheen -1
— ¥ _ .
A 3 325
] » 12.5' - Gravet - silty with sand and slrong HC odor N N
] % GM - 42.75 residual HG ] _
15 |3 | ]
n¥
—_ N ] -
— N N -
s 25
-~
— IE ] -
N
T - 19" potentially mobile HC - .
20 — —
— | “Tzdwated - i
] 5 213 - Silty - dayey 1
_ MH

Top of HC sheen al 1.5 _‘

Top of residual HC at 12.75'
Top of potendially mabile HC at 19
Top of clay at 24,3

Tolal depth 25' _1

Haole plugged with Bentonile
Ho piciures

SLOP A2 YsummeporfingoBoning kogs BAS 0 8118

Page 1ot 1

VR2H2000




. [ProJecT numBER:  170169.01.43 |soriNG mumBER:  2.m05  JsHEET 1 oF 1
CH2MHILL
. SOIL BORING LOG
PROJECT:  UPAR START: 9172003 FINISH: ST1/2003
LOGATION: QU AREA:  Northem Aroa LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EahiProbe  DRILUING METHOD AND EQUIPMENT: Track-mounted Geaprobe & § fi Macro-Cora sampler

‘SAMPLE INTERVAL -
Depth SOIL NAME, USCS GROUP SYWMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface L] CONSISTENCY, SOt STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
fl)

38 ‘{ 7

ML Slity - sand, low plasticity, saluratad, grayish brown ] -
14.1" - Grwwel - silty with sand, HC ador, stert of HC sheen ] —
e ]
275 N 7
kY
» - -
<
S . .
—20.9 residual HC
- o -
IR
—\' -
5 221" - Silty - chayey - -
R M
o

TR Y YR

Top of HC sheen at 14.1°
Top of residual HC at 20 %

Top of clay a1 22.1' _ .
Totat depth 25
Hole plugged with Bentonite 3 -
Pictures # 30, 31, 32
- .
- -
— -
. a

SLOWP 4112 TisumneporiiogsiBorng ogs Bas o B118

Page naof 1 VN2 2000



‘ !PRO.IECT NUMBER: 170169.049.43 IBORlNG NUMBER: 33-B5¢ ]SHEET 1 QF 1
CH2MHILL
- SOIL BORING LOG
IPROJECT: UPRR START: 91172003 FINISH: 971142003
LOCATION: Ou-1 AREA:  Norhem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: _EarthProbe DRILLING METHOD AHD EQUIPMENT: Track. d Geoprobe & 5 H Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRICLING
Below RECOVERY {USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LGSS,
Surlace ) CONSISTENCY, SGIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
f1)
] 28 Sand - with gravel, homogenecus, ine grained, (0ose. dry, black stained, no odor | _‘
sp — —
= ML 4.3 - Silly - sand, low plasticily, moist, black, and sofl ]
5
] 3z n ]
—1T —
12 GM $.3 - Gravel - fine 1o coarse sand. fine 1o coarse gravel, loose. saturated | ]
slart of HC sheen
] 14 7]
—1is i ]
%
—_ ] ]
A | ]
— 26 . .
s
13z —18.8' to 20" mobile HC - ~
20 - 20" to 20.5' vasidusl HC 1 ]
i -~ 20.5" 1o lop of clay with potentially mobile HC
] Silty - dayey . .
F] MH
25
Top of HC sheen 2t 9.3 ]
] Residual HC from 20 o 20.5 N _]
Mobile HC from 18.8 to 20" then [rom 20.5 to 21
] Top of clay at 21' _ ]
Depih ko water 6,25
] Total depth 24° B N
Hole phugged with Bentorite
] Pictures # 33, 34, 36 _ _

SLOPA1AT 12 VisumeepomiogoBoring logs B45 10 B118

Page 1¢f1 122003



@

EsrthProbe

ORILLING METHOD AND EQUIPMENT:

PROJECT NUMBER:  170169.0143 [porinG numeER: 33807  Jsweer 1 oF
SOIL BORING LOG
START:  W11/2003 FINISH: SIZ005
AREA:  Northem Area LOGGER: Terance Mares & Aaron Galer

Track mounled Geoprobe & 5 ® Macro-Core sampler |

SO NAME, USCS GROUP SYMBOL, COLOR

DEPTH OF CASING, DRILLING

USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
N S Y -
et 231 GM Gravel - silty with sand, loose, saturated, HC odoe
| —11.9' HC shaen -
3\ —12.75 to 12.9° globlets of HC
15 “Q, —] —
3
}Q — Little bél of grave) with sand and fines al Up of sampler. Tip has HC sheen. |
)
+*
5 -
N o
A —
g
- 25
MH 21.25' - Silty - clayay

Top of HC sheen at

1.9

Globlets of HC trom 12.75 10 12,9

Top of clay ot 24.285'
Total depth 23.5°

Hate plugged with Bantoniie

No plctures

SLEPL14T 20summpomiogs\Boring logs 885108118

Pagaiof1

1042172003




|sweer 4

HEREAEEEE RN

Top of HC sheen at 176

Top of residual HC at 22 5

Top of pulentially mabile HC al 23"
Total depth 24'

Hale plugged with Bantorite
Piclures # 36

— Rock sluck in shoe sleeve. Driller staled pushing

became soft at 22.5

0 PROJECT NUMBER: __ 170169,01.43 JecrinG Numeer: 33808 oF 1
CH2MHILL
g SOIL BORING LOG
PROJECT:  UPRR START: V12003 FNSH: 92003 |
LOCATION:  OU-1 AREA:  Norther Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EsdhProbe  DRILLING METHOD AMD EQUIPMENT: Track-mounted Geoprobe & 5 ft Macro-Core samp
SAMPLE INTERVAL
Depits SOIL NAME, USCS GROUP SYMBOL. COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Ls-ufaoe Q) CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND iNSTRUMENTATION
ft)
I 275 GM Gravel - tilly with sand, looss, saturated, stight HC odar 7] 7
] —13.4'to 13.6' globlels of HC _ A
—1 [* - -
- 14510 14.7 globlets of HC
15 | |
] © 22 - 17.6 HC sheen 7 ]
sy - —
H - 19.25' globlets of HC for 2°
20, X — —
1 L\ - 21.2 residut HG 7] 7]
] :! S - 21.7 Potentiefly mobile oil ]
| %\ WMH 225 - Silty - clayey
u
25

SLOPMAT 2 NaumiaporflognBorng lgs G5 10 8194

Papk 1001

12172003




@

. PROJECT NUMBER: 170163.01.43 IBORJNG NUMBER: 33-89% ISI'IEET 1 OoF 1
CH2ZMHILL
g SOIL BORING LOG
T UPRR START:  SH172000 FINSH; SH112003
LOCATION: QU AREA:  Northem Area LOGGER: Terence Mares & Agron Galer
DRILLING SUBCONTRACTOR EanhProbs DRILLING METHOD AND EQUNPMENT: Track-mounted Ge_ggro_bg & 5 ft Macro-Con sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLDR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUHD LOSS,
Surf, {n} CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
Wi
ML, —Sill - Clayey, Salurated, o oo
7 10.5' - Grave! - silty wilh send, loose, and saturaled ] n
] 5 GM T n
- __ — 14250 14.5 globlets of HC 7] ]
15
~
] '\"‘. 26 « 17.4° globlets of HC for 2° T ]
J— iy - -
N
— Y - =
o ~ 19.4' HC sheen
20 - ——t ——
T
— My - -
~§ sP 21.2 - Sand - poody soried, grayish brown, loose, HC edor
- jE?' 45 GM 22.2 - Gravel - silty with sand, bouse, Satursied, start of reskdus] HC . n
| Rearddoa’ MH 225 Sty - layey - -
. — - -
25 — —
Top of HC sheen at 19.4° | -
Top of residual HC at 22.2'
| Top of clay a1 22.5° ] _
Tolal depth 24 .5°
- Hate plugged with Bentonile . _|
No pitiures
SLOPA 14712 1sumreporingBoring kga 08s o B118 Pags1oiy 107212000



a |prouEcT HUMBER: 170169.01.43 _LBORING HUMBER: 33-8100 ISHEE‘I' 1 0OF 1
CH2NMHILL
- S0OIL BORING LOG
PROJECT: UPRR START: 911172003 FINISH: 1172003
LOCATION: ou-1 AREA:  Norhem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProba  DRILLING METHOD AND EGHAPMENT: Track-mounted Geoprobe & 5 ft Macro-Care sampl
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING. DRILLING
|Betow RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface [£3] CONSISTENCY, SQIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
{ft)
] 1 i
_ SPICL Sand/Clay - with well rounded gravel, low plasticity. salurated. brown ] a
3
15 ] .
v
] 3 18 ] ]
A
— 3 o
] o3 GM 18.2' - Gravel - fins to coarse sand, toose, saluraled i B
- = 19.6" HC sheen
1T — ]
— Isl% - 21.8' residual HC N ]
| [~ 22 - 22 10 22,75 potentially mobile HC A
- 22.75 1o top of day residual HC
o
,cw/ﬂ) WH 2325 - Silly - dayey
235 ] -
| Top of HC sheen at 196 _ ]
Top of residual HC a1 21.8" and from 22.75 to 23.25°
_ Fotentially mobila HC from 22 10 22 75 _ _
Top of clay at 23.25'
Tolal depth 24' | -
— Hole plugged with Bentorite
- NG pichures | _

SLOW 147 12 Taumreporfingsibioning ogs BAS la B118

Page tof 1

W00




PROJECT NUMBER: __ 170169.01.43 |oorm numeer:  3ap1or JsweeT 1 oF 1

SOIL BORING LOG
START: DN 172003 FINISH; U008
AREA:  MNodhem Area LOGGER: Terence Marss & Aaron Galer
EarthProbs ___DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobe & § it Macro-Core sampler
[SAMPLE INTERVAL
Ceplh SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |uscs cope MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
ISurtaoe () CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
A
] 1.78 7] n
] GM Gravel - fine to coarse sand, loose, saturated, no HC odor 7 7
] « 19.6' HC sheen -] —
15, T -
1, 7] n
§ 9
A M 8.7 - Silty - sond, high plasticity, safurated, n
R —18.8 HC sheen _ -
<%
[~ - 19.8 Potentially mobile HC ] ]
==
MH 21.2- Sty - Clayey N
27

Top of HC sheen at 18.5'

Top of potentially mobile HC at 19.8°
Top ol clay al 212

Tolal deplh 23.5'

Hole plugged wilh Benonite
Piclures & 37 of scil and # 35 and 39
of EarthProbe workers

ELCE AT 1 2TmmwepontiogsiBoring logs BES ta 8149 Pagoiolt W03



|prosECT MUMBER:  170163.01.43 |eoring numeER: 338102 |SHEET 1 OF 1
SOIL BORING LOG
START: /1172003 “FINISH: ST2003
AREA:  Norhem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProbe  DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprabe & 5 H Macro-Care samp
SAMPLE INTERVAL
Depth SOIL MAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below rECOVERY  |uscs cooe MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surlace ) CONSISTENCY, SOIL STRUCTURE. MINERALOGY TESTS AND JNSTRUMENTATION
[
] 41 Sand/Cloy - layered with fine grained sand and well rounded gravel, 7] T
] SPIGL high phasticity, saturaled | _
/T - 1410 14.25 globlels of HC 7] 7]
15 _ ]
§..
— \\ 2 — -
] x = 18" HC sheen _ N
N
2 —_
] MH 20'- Silty - Clayey ] —
25

Top of HC shean ol 18

Top of clay at 20

Tatal deplh 24

Hale plugged wilh Bentonile
No pictures

HETE NN

SLOWA1 4712 tpumrepormiogiBlonng kgs BAS 10 B118 Page 1ol 1 1T 42000



. ]pko.iect NUMBER:  170169.01.43 Iaonm NUMBER: 328103 |sueer 1 OF 1
CH2MHILL
- SOIL BORING LOG
PROJECT: UPRR START: 9122003 FINISH: 81272003
LOCATION: Ou- AREA:  Morthern Area LOGGER: Terence Mares & Aaron Galer
DRILUMNG SUBCONTRACTOR: EarthProbe  DRILLING METHOD AND EQUIFMENT: Track-mountod Geoprobe & 5 i Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Belew RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE. DRILLING FLUID LOSS.
Surfacs ® CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
it) -
1 Gravel - sty wilh sand. No HC odor, No shoen, saturated ] 7]
— GM ] -
1.25
15
] Silty - clayey material in botiom of shoe at 15° a _
] Tap of dtay at 15 N ]
] Total depth 15° J a
Hole plugged with Bentonile
20! No pittures — —
®
- 25 — —
- 1 .

SLOP AT 21 ammnepofigeiboning logs BAS 10 b118 Pagn 1 of 1 10272003



a lProsecT numBER: 170169.01.43 |looriG MUMBER:  33.B304  |sHEET 1 QF 1
CHZ2MHILL
=N SOIL BORING LOG
PROJECT:  UPRR START:  9NZ2003 FINISH: 571212003
LOCATION: o1 AREA:  Northem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCOMTRACTOR: EarihProbe  DRILLING METHOD AND EGUIPMENT: Track 4 Geoprobe & 5 #t Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL. COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface ) CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
tH)
] Gravel - silty with 5and, No HC odor, No sheen, saturated ] T
— GM o, -
4.25
- MH 12.3' « Silty - clayey iy N
15
Tepofdayal 12,3 ] 7
Total depth 15° n B
Hole plugged with Bentonite

20 No pictures

SLOPA147 12 Hmmreportiopsiborng logs BAS 1o k119 Foge1of1 22003
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. |proJECT HUMBER: 170169.01.43 IQORING NUMBER: 33-8105 |$HEET 1. OF 1
CH2MHILL
R SOIL BORING LOG
START:  9NZ2003 FINISH; TN2Z003
AREA:  Northem Area LOGGER: Terence Mares & Aaron Galer
Eorhirobs  DRILLWNG METHOD AND EQAPMENT: Track-mounted &5 i Matro-Core samplar

USCS CODE

SOIL HAME, USCS GROUP SYMBOL, COLOR
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

DEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS AND INSTRUMENTATION

Gravel - silty with sand, HC oder, saturaled, Ioose

— *
X GM
] % 25 - 12.5'HC sheen
] |‘J — 13.5 residyal HC
15 . MH 14 5'-Silm-dgm
— \l — Sampter shuck. Orillers had (o yank out tubs, which may have moved soil
§? sample inside the lube.
— R ¢
—_20] —_
=z ]
| Top of HC sheen at 12.5'
Top of residual HC at 13.5'
— Tap of clay at t4.5'
Total depth 15°
pu— Hole plugged with Bentonite
Pictures # 58 - 62
—

SLGAPA14T 12 TcumrepomiogsiBodng lgs BES o B118

Pagntof 1

02 12003




e PROJECT NUM_BER: 170169.01.42 l&DRING NUMBER: 33-B106 iSHEET 1 oF 1
CH2MHILL
-y SOIL BORING LOG
'anscr.- UPRR START: 9122003 FINISH: 122003
LOCATION: o1 AREA:  Northern Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EarthProba DRILLING METHOD AND EQUIPMENT: Track ted Geoprobe & 5 ft Macro-Core ol
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Belaw RECOVERY [USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE. DRILLING FLUID LOSS,
Surface (ft) CONSISTENCY, SOIL STRUCTURE, MINERALGGY TESTS AND INSTRUMENTATION
o
_ M Silty - sands, bow plasticity, moist. brown ] -
34
5 p— ap—
4.3 - Sand - medium grained, uniformiy sorted, grayish brown, loase
— sP . -]
] 25 ] ]
] 7.5 - Gravel - silty with sand, saturaied, loose 7 7
— G - _
10 | —
] § 175 ]
—_ \§ .
] > - 14.8' HC sheen ]
15 - 15 o 15.75' patentially mobile HC | |
I — 15.7% o top of clay residual HC
1~ MH 16.2' - Silly - chayey ] _
§
20
_( Top of HC sheen af 14.8' 7] 7
_ Residual HC from 15,750 6.2 _ ]
Potentially mobile HC from 1510 15 79
— Top of clay at 16.2 _ |
Total depth 20°
| Hole plugged with Bernlonite - —
Pictures ¥ €3, §4, 65

SLOP 4T3 mmmepomingsiBoring loge B85 o B116

Page 1001
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. PROJECT HUMBER: 170169.01.43 lsomm MUMBER: 33-B107  |SHEET 1. OF 1
CH2MHILL
SOIL BORING LOG
START: | OHZZ008 FINISH: SN 22003
LOCATION; ou- AREA: Northem Arsa LOGGER: Terence Mares & Aaron Gater
DRILLING SUBCONTRACTOR: EorhProbe  DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobe & 5 i Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLDR DEPTH OF CASING, DRILLING
Below RECOVERY |usCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface [L3] CONSISTEMCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
{ft)
— ™ -
~ sP Sand - poorly sorled, with grava), loose
] ki 4 oM 12.75 - Gravel - silty with sand, HC odor, seturaied, foose, sian of HC sheen
| I¥|. N
] \\t MH Silly - clayey i
15
Top of HC shean at 12.75' |
Residust HC from 12.75 to 13.1°
Top of clay a1 13.6' -
Total depth 15'
Hole plugged with Beronile - .
Pictures # 66
@

SLOPMATI2 HeumraportiogaiBoring logs B35 1o B118 Page1of1 212003



‘PROJECT NUMBER: 170169.01.42 _IBORING NUMBER: 33-B108 ]SHEET 1 OF

SOIL BORING LOG

START: 91272003
AREA:  Norhem Area
EarthProbe DRILLING METHOD AND EQUIFMENT: Frack

FINISH; 22003
LOGGER: Terence Mares & Aaron Galer
ted Geoprobe & 5 it Macro-Core sampler

50IL NAME, USCS GROUP SYMBOL, COLOR

DEPTH OF CASING, DRILLING

USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENGY. SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
] 22 oM Gravel - silty with sand, HC odor, saturated. loose, sian of HC sheen 7] “
_‘ i i
15 ] _‘
: — —
N
< _ _
W 24 = 17,6 HC shean
-~ | _
- 18.2* residual HC
N3 ~ 185" potentially mobile HC i
3 MH 19 - Saty - clayey
Y

— Rock stuck in shoe. EarthProba driller staied pushing became soft at 19,

Only 2* of clay inside sleeve.

Top of HC sheen at 17.6

Top of residval HC a1 18.2"

Top of potentially mobile HC at 12,5
Top of day at 19

Total depth 20°

Hole plugged with Benlonite

Mo pictures

SLOP AT Z1sumppartibgaifionng bgs BES 1o B118

Page 1ol 1

plrralricd




lrrosEcT NUMBER:

170169.01.43 Jeorms wumoer:  sapis fsneer 1 _oF 1
SOIL BORING LOG
22003 FINIGH: W122003

AREA:  Morthem Area
EarthProba

DRILLING METHOD AND EQUIPMENT:

USCS CODE

SOIL NAME, USCS GROUP SYMBOL, COLOR
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALQGY

LOGGER: Terence Mares & Aaron Galer

Track-mounted Geoprobe & § i Macra-Care samp

DEFTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS AND INSTRUMENTATICN

GM

Gravel - silty with sand, saturated, loose

— 184" HC sheen
« 19’ residuat HC
— 193" potenbially mobile HC

158 Sy - clayey

Top of HC sheen a1 18.4"

Top of residual HC a1 19°

Top of potantially mobite HC a\ 193
Top of clay al 19.8°

Total depth 208

Hole plugged with Bentonite

Pictures & 67

|

1

HLOPA1AT 2 HsummportingeiBonng logs BES to D118

Fagetal i

02172003



=17 to 15.4' globlets of HC
— 18" rasidual HC

~ 22,9 potenlially mobite HC

£3

24"« Silg - clayey

6 PROJECT NUMBER: __ 170163.01.43 |eorme numBER: 338110 |SHEET 1 OF i
CHZ2MHILL
- SOIL BORING LOG
PROJECT:  UPRR START: 1272003 FINISH: 0N 272003
LOCATION: o1 AREA:  Northerm Area LOGGER: Terence Mares & Aaran Galer
DRILLING SUBCONTRACTOR: EarthProbe DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobe & 5§ fi Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Befow RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLVIC LOSS,
Swface {fi) CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
f1}
— 29 i .
] Gk Gravel - sily with sand, salurated, loose _ _
15, M 14' - Silty - sands, low plasticity, maisi, brown 1 —
- 16 - -
GM 16.4'+ Graved - silty wilh 5and. saturaled, locse

Diilling became denze al 18’ rried to push
down fadher bul could not. Wenl back
down for samgle between 15 and 20' no
recovery,

- d in sampler sleeve. H
plugging hole and feels clay at 24'.

. EarthProba driller staled rocks are

Top of potentialiy mobile HC at 229
Top of dlay at 24' — Per EarlhProbe driller

Yolal depih 25°
Hole plugged with
No pictyres

Bentanite

SLOW V4T I reportiog siBoning logs B85 to B148

Page 10l 1

102112003




’ |pRoJeCT NUMBER: _170169.01.43 [sormc wuMseR: 338111 Jsweer 1 oF 4
‘cuzmmu. SOIL BORING LOG
START:  9N&2009 FINISH: BN2000

AREA:  Northem Area
EarhProbe DRILLING METHOD AND EQUIPMENT:

SOIL HAME, USCS GROUP SYMBOL, COLOR

LOGGER: Aaron Galer
Teack-mounted Geoprobe & 5 ft Macro-Core sampler

DEPTH OF CASING, DRILLING

Top of HC sheen at 14

Top of day o1 15.75 -~
Total depth 20°

Hola plugged with Benlonite
Mo Piclures

USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
— . o . .
—_ N Grave! - silty with sand, seturated, loose ] _
] f\) — 14’ HC sheen n ]
| I¢ _ ]
41
] MH 15.75' - Silty - Clayey n ]
— s . -
20

ELOPMAT L2V umreporfiog YBoning gt BES ta Bi1s

Pagu 1ol

1003



6 CHZMHILL
4>

[pROJECT NUMBER:  170169.01.43 |porinG HuMBER:

338142 JSHEET 1 OF %

SOIL BORING LOG

STARY:  9N&2003
AREA: Northem Ares

EarhPrabe DRILLING METHOD AND EQUIPMENT: Track-mounied Geoprobe & 5 ft Matro-Core sampler

FINISH: ONSIZ009

LOGGER: Aaron Galer

'SAMPLE INTERVAL

Below RECOVERY |USCS CODE
Surface ()

S0IL NAME. USCS GROUP SYMBOL, COLOR
MOISTURE CONTENT. RELATWE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

CEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS AND INSTRUMENTATION

Lk

23 Gt Gravel - silty with sand, salurated. ioose
] - i
1| —] o
— 2 m 7]
20 ] 1
— ‘t — -
| » -~ 22" HC sheen -
x| § s ~22.2 10 23.7 potentially mobile HC
P,
T N — 23210 23.7 residuai HG 7]
— |¥3 y y
b
25 N | —
iy,
] rs ~25.4 1o top of day, polentially mobile HC _ _
— |4 N4 i .
|/
=] Lodted| M 276" Sily - Clayey N |

Top of HC sheen at 22"

Residual HC from 23.2 te 237

Potentially mobile HC from 32.2 to 22.2° and 25.4 to 276"
Top of clay at 27.6'

Total depth 29

Hole plugged with Bentonile

Piclures ¥ 38 - 42

SLCPAMATI2Vicumeeporikgioning logs DBS W 8118

Pagelaoly

212003



[prosECT NUMBER: 1701600143 laoRinG numser:

338113 JSHEET 1 OF 1

SOIL BORING LOG

AREA: Morthem Area

START: W5/2007

FINISH: 9/15/2003
LOGGER: Amvon Galer

EarhProbe DRILLING METHOD AND EQUNPMENT: Track-mounied Geaprobe & 5 l Macro-Cors sempler

RECOVERY |USCS CODE

SOIL MAME, USCS GROUP SYMBOL, COLOR
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

DEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS AND INSTRUMENTATION

9 GMm Gravel - sity with sand, saturated, loose
DN
3 _
~
,§ 23 ~ 7.7 residusi HG n
L1 —
é —18.3 to 20" patentiaity mobile HC
15 -
Y 18 7]
§ ~ 734 to 25 potentially mobile HC 7]
\ -
hY
a MH

« 100% ¢lay in last sampling sleeve with grave! inlermixed st lop (25°).

Top of resldual HC a1 17.7

Patentially mobile HC from 18.3 to 20" and 23.4 1o 25
Top of day at 25

Tolal depth 24

Hole plugged with Bentonite

Piclures # 43, 44, 45

SLOPA4TH 21 sumreporfiogsiBoring jogs BES 1o B118

Pagaiol i

121200




a |proJECT NUMBER:  170169.01.43 | T 338114 |sHEET 1 OF 1
CH2MHILL
Rt SOIL BORING LOG
PROJECT: UPRR START: 91572003 FINISH: 9152003
LOCATION: QU AREA:  Morthern Area LOGGER: Aaron Galer
DRILLING SUBCONTRACTOR: EarhFrobe  DRILLING METHOD AND EQUIPMENT: Track-mounted Geoprobe & 5 ft Macro-Core sampler
SAMPLE INTERVAL
Depth SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING. DRILLING
Batow RECOVERY |USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE. DRILLING FLUID LOSS,
ﬁﬁm 03] CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATIDN
it
] 29 M Silty - sands, low plasticity, makst, brown, no odor ] T
1 GM 3.8' - Gravel - silty with sand, saturated, loose. no shean, no ogor _ A
5 ] —
— — -
pp— 2‘7 il —y
10 . |
| 23 7
15, | _
] ars 7] T
1 MH 18.2 - Silty - Clayey A ]
20
1 Top of clay a1 18.2° ﬂ
Total depth 20° "
- Haole plugged with Bentonite . 3
Pictures ¥ 24, 25

SLOPAT 1 2 sumreporiiogsiborng ogs B85 10 b1 18

Paga1al il

MON2003




‘ |PrOJECT NUMBER: 1701680143 |aoame NUMBER: 238115  |sHEer 1 OF 1
CH2MHILL

R SOIL BORING LOG

PROJECT: UPRR START: _ G1152003 FINISH: BAN2003

LOCATION. Ou AREA:  Morihem Area LOGGER: Terenco Mares 3 Asron Galer
DRILLING SUBCONTRACTOR: EahProbe  DRILLING METHOD AND EQUIPMENT:

Trad(mdeo’_aQeasng_aw-c«e ot

S0IL HAME, USCS GROUP SYMBOL, COLOR DEFTH OF CASING, DRILLING
RECOVERY JUSCS CODE MOISTURE CONMTENT, RELATIVE DENSITY OR RATE. DRALLING FLUID LOSS,
Surface () COMSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
] 1.8 7] n
] GM Gravel - silly with sand, saturated, loose . _
_ — 13,7 HC shean with globlets
_ « 14" HC sheen - -
135 ] _—
——— & — —
] g 24 ] T
1 « 18" HC sheen reappears N 7
] —18.5' residunt or mobile HG _ ]
2 — —
— < \ . -
— 1Y\ . i
» N\ 28 = HC sheen with globlats Just above clay layer
pu— B I - —
a & MH 22.6' - Silty - Clayey
25|

Top of HC sheen at 13,7

Top of residual or mobile HC at 18.5'
Top of clay at 22.6°

TYolal depth 25

Hole plugged wilh Bentonite
Piclures # 46

ELCW 14T 2 MsuhweporiiegsiBonng logs B45 1o B118

Page 101

1062112003



e PROJECT NUMBER:  170169.01.43 looaivG numpER: 338136 |SHEET 1 OF 1
CH2MHILL
> SOIL BORING LOG
START:  SN52003 FINISH. ST517003
AREA:  Horthem Area LOGGER: Aaron Galer
EahProbe _ DRILLING METHOD AND EQUIPMENT: Track.mounted Geoprobe & § ft Macro-Core sampier
SO, NAME, U5CS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS.
CONSISTENCY. SOIL STRUCTURE. MINERALOGY TESTS AND INSTRUMENTATION
| 16 GM Gravel - sity with sand, salurated, loose 7]
-] T ~ 19.% potentialty mobile HC 7]
20 —_
J_‘:“\
——e—] ™ o
b
— ‘ —
\}2 49 MH 21.5 - Silty - Clayey
— \§ -
19
— ;‘;i .
25 N

— Top 33" of casing heavily covered in HC. Although no sign of mabile
HC abave cley in this cone,

Top of polentially mobile HE at 102"

Topofclay st 21.5 -1
Total depth 25

Hade plugged with Bentonile
Pictures # 47, 48

SLEV 147 12 ismveporiings\Biaring logs BAS to 8118

Pags fof 1 TR0




JECT NUMBER:  170169.01.43 BORING NUMBER: 117
. leroaecy 3oz |sHEET 1 oOF
CHZ2MHILL
. SOIL BORING LOG
PROJECT: UPRR START:  SN&2008 FINISH: NS/2003
LOCATION: o1 AREA:  Northemn Area LOGGER: Aaron Galer

DRILLING SUBCONTRACTOR: EarhProbs __ DRILLING METHOD AND EGUIPMENT: Track-mourited Geoprobe & 5 it Macro-Cora sampler
SAMPLE INTERVAL
Oepih SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH OF CASING, DRILLING
Below RECOVERY |USCS CODE MOUSTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUND LOSS,
Surface {ft) CONSISTENCY, S0t STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
{ft}
] GM Gravel - silty with sand, salurated, (oose, NG Ddor, N sheen A
| MH 15.75 - Silty - Olayey -
-]
— -]
—2
] Top of elay a1 15.76' 7
] Total depih 20 -
Hale plugged with Bentanile
25 No piciures —
25 ]
— -

‘

SLOP AT 21 rumteporfiogitborning gt BAS to b118

Pago10f1

1HZO0




@ PROJECT NUMBER:  170160.01.43 lecring nusBER: 338118 |SHEET 1 OF 1
CH2MHILL

- SOIL BORING LOG

PROJECT: UPRR START: 0152003 FINISH: 52009

LOCATION: U1 AREA:  Morthem Area LOGGER: Terence Mares & Aaron Galer
DRILLING SUBCONTRACTOR: EsrthProbe__ DRILLING METHOD AND EQUIPMENT:

Track-mounted Gaoprobe & 5 #t Macro-Care sampler

SAMPLE INTERVAL

SOIL RAME, USCS GROUP SYMBOL, COLOR

DEPTH OF CASING, DRILLING

Betaw RECOVERY {USCS CODE MOISTURE CONTENT, RELATIVE DENSITY OR RATE, DRILLING FLUID LOSS,
Surface i} CONSISTENCY, SOIL STRUCTURE, MINERALOGY TESTS AND INSTRUMENTATION
it)
— 2 ] |
] GM Gravel - silty with sand, saturated, 10658, no odor, no sheen ] _
15 o |
MH 16" - Silty - Clayey

20
- Top of clay al 16" 7]
] Total depth 20 _
Hole pluggass wilh Bentonite
No piclures _ -
25

SLCW V14712 iummportingriborng kgs B45 o118

Page 1of 4




MEMORANDUM
QOctober 27, 2003

@

| THE FORRESTER GROUP

INSIGHTFRL ENVIRONMENVAL SULUTIONS™

ATTACHMENT 2
FIELD PHOTOGRAPHS



Color Photo(s)

The following pages
contain color that does
not appear in the
scanned images.

To view the actual images, please
contact the Superfund Records
Center at (303) 312-6473.
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APPENDIX E
FINAL NA ANALYSIS



UPRR &en Rail Yard

Table 2
Summary Table of All Data Evaluated in Natural Attenuation Protocol
92312004

[Parameter Units | 38-MW12 | 22a-MW6 | 22a-MW6D | 38-MW2 [Notes

[Oxygen (meter) |mg/L 0.2-0.3 0.2-0.3 0.2-0.7 -- Based on two sampling events
Nitrate mg/L 0.15U 0.15U 0.15U - Based on two sampling events
Iron It mg/L 8.8 6.95-7.2 3.4-3.5 - Based on two sampling events
Sulfate mg/l | 79.4-105 | 49.6-56.3 17.1-18.7 - Based on two sampling events
Corrected Eh my -85 -61 -108 - Based on one sampling event
|pH = 6.8-7 6.5-7.8 6.5-7.4 -

TOC mg/L 18.2 16-20.4 15-25 - Based on two sampling events
Ethane mg/t | 0.03-0.85 0.026J  |<0.023-0.026J - Data from 22a-MW®6 are based on one
Ethene 0.063-0.095] 0.069J 0.069J-0.17 - sampling event. Data for other wells are
Methane mg/L 0.88-1.3 2.6J 4,3-5.0 - based on two sampling events.
Temperature °C 11-22.6 10-18.8 10-18.4 --

Alkalinity mg/L 477-520 579-585 567-599 386-467 Based on two sampling events
Chioride mg/lL ] 79.2-108 | 128-164 282-411 71.8-79.2 Based on two sampling events
Benzene ug/l 2-3 4-8 2-3 -

Toluene ug/L 3-7 1-3 1U-1 -

Ethylbenzene  |ugil 6-8 2-5 0.5J-2 -~

Xylenes (Total) |ug/l 18-20 3J-7 1-2 -

BTEX (Total) ug/l 29-38 10-23 4.5-8 -

PCE ug/L 5-7 0.7-1U 1 -

TCE ug/l. 91-430 2-4 0.9-1U

cis 1,2-DCE ugll 3500 2000-3700 540-870 -

trans 1,2-DCE__Jug/L 14J 10J-37 2-13 - e
1,2-DCE {total) |ug/L | 3000-5300 | 800-3700 42-870 -

VC ugiL 550-710 | 870-1300 130-1900 -

1,1,1-TCA ug/l | 2200-4100-] 180-580 3-76 --

1,1-DCA uglL 870-1200 28-66 170-810 -

Chloroethane  Jug/L 160-190 43-160 49-120 -

Notes:

Unless stated otherwise, ranges for 22a-MWG6/6D are based on four sampling events and ranges for 38-MW12 are based on
three sampling events,
Cis-1,2-DCE and trans-1,2-DCE ranges are based on two sampling events, except for 38-MW12,

Only alkalinity and chloride data for 38-MW2 are presented here because only these parameters were compared to data from
other wells. Other parameters from this well were not used in the screening protocol and therefore are not shown,




UPRR QOgden Rai Yard

Table 3
Attetiuzts g Protocs!
Revised Scace
WEI004
Natural Attenuation Interpretation Score
Screening L T— Y
Protocol Uiritad evidurre & oy of chicrioabed onganics. 610 14 Score: 27
2 b i sl s & e o of chiciratind rgumics 15 o 20
i @idence oy awerobl of chiodnied 220 |seron to End of Tatte
Concentration in Poiris
Analysts Mot Comam. Zone Irtespretason Yes No A
Oxygen* «<0.5 mgi Toletwtad, suppresses the naductive pattway at higiver ] o 3
concentations
>SmpL ot tolerated, however, VC maty be oxidized sefobically o - [']
fu—hm- Tk Al FigheT concariralions. My Compets wiih redudtve ® o z
fron il 1 mgiL Immmmwmumm Py Py 3
Feflil)-reducing conditions —_—
Salifate* <20 mgit. AL Mgher concerrations may compets with reductive O - [
B T mphL [Reductive pativay possitie o o 0
[ Meetharme* =0.5 mpL WO onddizesn o ™ 0
*0.6 mgiL UNmats reductive Gaughier product, VG ACTumulztes Py o 3
Onadation <50 miNolis {(mV) | Reductive patfwvay powsioie . o 1
|reduction :
Potsrtial® (ORF) —T00MY|Reducive patviey ety o . 0
|oH* S<pH<8 Optimad rangs or reductive patiway P o [}
S»pH>g Onrtaidie optiral rangs for rductive pathway o . [
ToC 2 mgiL Carbon and eneTgy SOUTCE; JINES GechicTiabon; can bo o ® o
{natursl or anthropogenic
Tempareture® ='C At T >20°C blochemical pfocess 1 asceletstsd o * 0
[Carbon Dicedde >2x beckground | Utimats wddative daughter product P o 0
Adicalinity »2x background | Rasulte from inteeaction of cartsan diodde with aquifer o » [+]
minerats
[Chionde” > 2x backgrolnd | Deughter prodiuct of organks Chiis ® o z
ﬁmm =1nM [Radictive pattweay possioie, VG may accumulais o ° ]
<§ Mt VC oxidized - (=} o 0
Volztie Fatty Acids >0 mgiL Intarmediates resulttng fom biodegradation of aromitic o o ]
carbon and [ ]
(BTEX* »0.1 gl [Carton and energy scuroe;, diives dechiorination o . 0
PCE* Materal releaned ® o o
TCE Materia reieastd o ° ]
Daughter pmduct of POE ¥ o o 0
[OCE F&uﬂm ° * 0
gt product of TCE.
o i3 ia greater than 80% of total DCE i B fikely a daughber ® [» ] 2
of TCE™, 1,1-DCE can be & chem, reaction of 1A
L Material reteayed o * 0
Dauginor product of DCEY ® o 2
1,1.1- AEatnrisl redaasad 0
Trichiorosthane* . * o
Daughter product of TCA under roductng condions . o 2
Carton | itadwrial retaased o ® 0
Tetrachionde
Chicrosthane* Draugtiber product of DCA ar VI under meducing condiions * Py 2
(Ethenc/EZhane *0.01 mgh Dausgshter product of VCiethene . o 2
*0,1 mp. {Daughter product of VCisthens * o 3
Cioroform TWiziemi released o Py 0
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Diiorometans Satortal Foicased o ° °
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End of Form
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MEMORANDUM TI:lI_'E F_O_RB_ESTER G”ROUP

INSIGHTEGEL ERVIRONMENTAL SOLUTIONS™

Date: October 15,2003 © -f'-‘fr:' v S il‘- o
To: File [
From: Jay Hoskins
Subject: UPRR Ogden Rail Yard
North and South VC Plumes

Additional Concentration vs. Time and Concentration vs. Distance Data

Two groundwater sampling events were performed under the Feasibility Study for the UPRR Ogden Rail
Yard. This sampling was performed in accordance with the April 21, 2003, Additional Sampling
Workplan to Assess MNA. The two most recent sampling events were performed in May and
August/September 2003. The results of the sampling were analyzed for trends in vinyl chloride (VC)
concentration over time. Other CVOCs (e.g., TCE, 1,1,1-TCA, and cis-},2-DCE) that participate in the
generation of VC from biotic and abiotic attenuation processes were also examined.'

SOUTH PLUME

Eleven South Plume wells were sampled for CVOCs in May and August/September 2003. Four of these
wells are generally located along the western boundary of AOIs 26 and 30, where low levels of VC have
been detected in the past? In the two most recent sampling events, VC was not detected in these four

. wells. Concentrations of all constituents were below site screening level values (SLVs). Based on this
data, the levels of CVOCs in these wells do not pose an unacceptable risk.

The other seven wells are located within the main body or along the downgradient edge of the South
Plume.* At 30-MW4, vinyl chloride or other CVOCs were not detected in the last two sampling events.
At 30-MW3, only three data points are available, and there is insufficient data to determine if a trend
exits. For the remaining five wells, concentration data were examined for trends in concentration over
time (Charts 1-6). Any “non-detects” were plotted as ¥ the analytical detection limit. Results of the South
Plume analysis are summarized in Table 1.

Order-of-magnitude type differences in concentration over time are needed to be fairly certain of any
observed trend.* In the last three years, VC levels have significantly dropped in four South Plume wells.
For the two furthest downgradient monitoring wells, plume levels are already very close to or below the

"FortheCvs. T analysts, only constituents which were detected 3 or more times at a well were anatyzed.
2 30-MW?7, 26-MW1, 26-MW?2, and 26-STMW1.
} 21-MW2, 30-MWED, 22b-MW1, 22b-MW2D, 30-MW3, 30-MW-3, and 30-MW4,

* The USEPA provides guidance on interpretation of concentration vs. time and concentration vs. distance data trends in OSWER
Directive 9200.4-17P, Use of Monitored Nalural Aftenuation al Superfund, RCRA Corrective Action, and Underground Storage
Sites. The Directive stales “...analysis of natural attenuation rates from many sites indicates that a measured decrease in
contarminant concentrations of at least one order of magnitude is necessary to...demonstrate that the estimaled rate is statistically
different from zero at a 95% tevel of confidence.”

JiCupdeniFeasbility Stireporttinaliappendicesvippend E-2.dgc

605 North Boonville Avenue 500 Chesterfield Center, Suite 300 6501 E. Commerce, Suite 230 812 Swifts Highway 5460 Ward Boad, Suite 110 4339 South 500 West, Suite B
Springfield, MO 65806 Chesterfield, MO 63017 Kansas City, MO 64120 Jefferson City, MO 65109 Arvada, Colorado 20002 Sah Lake City, Uah 84123

p 417.864.6444 p 636.728.1034 p $16.231.4313 p 573.634.8109 p 303 456.0400 p BG1.26).8324
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analytical detection limit, and therefore it is difficult to determine if concentrations at the plume edge
have decreased in an order of magnitude.

Based on the above, South Plume is not expanding, and CVOC concentrations appear to be decreasing
over time. In fact, it appears that the main body of the South Plume is shrinking.

NORTH PLUME
Fourteen North Plume monitoring wells were sampled in May and August/September 2003.

e Four monitoring wells are located along the western edge of the plume: 34-MW2, 34-MW3, 34-
MW9, and 34-SPMW-02. 34-MW9 is the well that is closest to the Weber River.

s Two monitoring wells are located near the eastern edge of the plume: 34-MW4 and 36-MW2. VC
was not detected in either of these wells,

¢ Seven monitoring wells are located in the main body of the plume. Listed from upgradient to
downgradient, these are: 38-MW9, 38-MW12, 22a-MW6, 34-MW1, 34-MW3, 34-OB-12, and 35-
MW1.

Charts 8-20 illustrate CVOC concentrations over time for the North Plume monitoring wells. Any “non-
detects” were plotted as ' the analytical detection limit. The trend analysis is summarized in Table 2.

Based on recent monitoring, the North Plume is not expanding, and CVOC concentrations appear to be
steady or decreasing with time. Of particular significance is that vinyl chloride was not detected in the
furthest downgradient monitoring wells in the last two sampling events. This indicates that the plume
extent is smaller than suggested by previously sampling. Also, vinyl chloride has not been detected at 34-
MW?9 (the monitoring well closest to the river), indicating that plume impacts on the Weber River
continue to be limited.




MEMORANDUM THE FORRESTER GROUP

INSIGEUTTFGL ENVIRONMEN FAL SOLUTTONS™

Date: QOctober 15, 2003

To: File

From: Jay Hoskins

Subject: Natural Attenuation Screening Protocol, Revised

Ogden Rail Yard North CVOC Plume

Appendix L of the Ogden Rail Yard R] Report contains an analysis of the potential for reductive
dechlorination in site groundwater and recommendations for additional data collection. The analysis
concluded that based on existing data there is adequate evidence for anaerobic biodegradation of
chlorinated solvents, but recommended that additional methane, ethane, and ethene (M/E/E) samples be
collected to confirm that VC is also reductively dechlorinated. M/E/E samples were collected in May and
June 2003 from four wells at the site'; laboratory results for these samples are shown in Table 1.

Either ethane or ethene was detected in the three most downgradient wells. Methane was detected in all
four wells. The USEPA screening protocol score sheet was used to evaluate the significance of these
detections to the evaluation of NA processes. The following conclusions were then drawn.

_ o For ethene/ethane, the screening protocol assesses concentrations above 0.01 mg/L as an indication
that these compounds are daughter products of VC/ethene. For 38-MW12 and 22a-MW6, which are
. located in the area of highest CVOC concentrations, ethane/ethene concentrations are above 0.01
mg/L. This indicates that vinyl chloride in the plume is being reductively dechlorinated to ethene
(and eventually to ethane).

» For methane, the screening protocol concludes that concentrations over 0.5 mg/L may be
interpreted as sufficient for accumulation of vinyl chloride. Elevated levels of methane also indicate
that the geochemical conditions are sufficient for reductive dechlorination of vinyl chloride to
ethene? At 33-MW9, 38-MW12, and 22a-MW6, methane levels were elevated above 0.5 mg/L,
indicating that methanogenic conditions predominate in the region where the highest CVOC
concentrations have been measured and that conditions for reduction of vinyl chloride to ethane are
favorable.

Based on the above, it is reasonable to conclude that vinyl chloride is being naturally attenuated to ethene.
The natural attenuation screening protocol was then revised to reflect the M/E/E data collected in May

and June 2003. Table 2 contains all data that was used to develop a site score.” The revised site score was
27, which indicates that there is strong evidence for anaerobic biodegradation of chlosinated organics.

! Two wells (38-MW12 and 22a-MWED) are located in the area of the north plume where detected CVOC concentrations have been
the highest. 38-MWS and 34-MW3 are the furthest upgradient and downgradient, respectively, monitoring wells that were sampled.

2 Wiedemeier et al. Natural Attenuation of Fuels and Chiorinated Sofvents in the Subsurface. Wiley and Sons. 1997.

% In accordance with the score that was reported in the R) report, a decision was answered affinmatively if two wells met the
screening protocol's criteria. As shown, only dala from 38-MW12 and 22a-MW6D were considered in revising the sile score,

605 Nonh Boonville Avenve 500 Chesterfield Center, Suitc 300 6501 E. Commerce, Soite 230 B12 Swills Highway 5460 Ward Road, Suile 110 4389 South 500 West, Suite B
Springfield, MO 65806 Chesterfield, MO 63017 Kansas City, MO 64120 Jefferson City. MO 65109 Arvada, Colorade 80002 Salt Lake City, Utah 84123
p 417.854.6444 p 636.728.1034 p Bi6231.433) p 573.634.8109 p 303.456.0400 p 801.261 8324
[ 417.864,6445 [ 616.728.1035 £ 816.231.564] f 573.634.8224 I 303.456.0232 { 301.261.8420
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UPRR Ogden Rail Yard

Table 1
Analytical Resuits of Additional Methane, Ethane, and Ethene Analysis
9/23/2004
Well Location and Sampling Date
22A-MW6 22A-MWeD 34-MW3 38-MWo 38-MW12
Parameter | Units B/6/2003 5/21/2003 8/6/2003 5/21/2003 8/6/2003 5/23/2003 6/25/2003 8/6/2003

Ethane ug/L 26J <23 15 3.6 13 < 5.6 30 8.5
Ethene ug/L 69]J 170 180 < Q.7 1 <1.3 95 63
Methane uglL 2600 F 4300 5000 87 630 720 1300 880




Table 1

UPRR Ogden Rail Yard
Summary Table of Data Analysis for South Plume Monitoring Wells

Concentration

Monitoring Well Location vs. Time Trend Discussion
30-MW7
26-MW1 Extreme western edge of NA Historically, low levels of VC have been detected at these wells. Vinyl
26-MW2 South Plume chloride was not detected in these wells in the last two sampling
26-STMW1 avents.
. . VC and TCE concentrations appear to be decreasing over time.,
21-MW2 Furthest upgradient South Plume well Decreasing Cis-1,2-DCE concentrations were steady over time.
. VC, cis-1,2-DCE, and 1,1-DCE concentrations all appear to be
30-MWED Center of South Plume Decreasing decreasing over fime _ j
29b-MW1 Eastern edge of South Plume Decreasing :ifn?eand cis-1,2-DCE concentrations appear to be decreasing over
Center, downgradient end . VC and cis-1,2-DCE concentrations appear to be decreasing over
22b-MW2D of South Plume Decreasing time.
. : Low levels of VC have been detected at this well in the past.
30-MwW4 Downgradient edge of South Plume NA Vinyl chloride was not detected in the last two sampling events.
. Low levels of VC have been detected at this well in the past.
30-MW3 Cross-gradient edge of South Plume NA Vinyl chloride was not detected in the last two sampling events.
. Steady or It is difficult to distinguish between a steady or shrinking plume given
30-MW-3 Downgradient edge of South Plume Decreasing 1) when VC has been detected it has been at very low levels and 2)

VC has not been detected in three of the last four sampling events.

NA : Not analyzed. Wells where VC nor other CVOCs were detected in the last two sampling events were not analyzed because levels have
decreased below SLVs




Table 2

UPRR Ogden Rail Yard
Summary Table of Data Analysis for North Plume Monitoring Wells

Concentration

Monitoring Well Location vs. Time Trend Discussion
VC concentrations detected in 2003 are higher than than levels
34-MW2 Western edge of North Plume Steady detected in 1998, but are roughly equivalent to levels detected in 2000
01. ¢is-1,2-DCE and 1,1-DCA concentrations are steady over time.
VC and cis-1,2-DCE concentrations have decreased over an order of
34-MW8 Western edge of North Plume Decreasing magnitude since 2000. 1,1-DCA concentrations have remained
steady.
34-MWS Western edge of North Plume, Stead VC has not been detected at 34-MW9, Low levels of 1,1-DCA have
closest well to Weber River Y been detected in some samples, but a definite trend is not evident.
34-SPMW-02 Western edge of North Plume Steady VC, 1,1-DCA, and chloroethane concentrations are steady over time.
] VC, cis-1,2-DCE, and 1,1-DCA concentrations have decreased. 1,1,1-
34-MW4 Eastern edge of North Plume Steady or Decreasing TCA, PCE, and TCE concentrations appear to be steady.
, VC and cis-1,2-DCE concentrations have decreased, but levels are of
36-MW2 Beyond eastern edge of North Plume | Steady or Decreasing [, .o der of magnitude over time.
. \ VG, ¢is-1,2-DCE, 1,1-DCA, and chloroethane concentrations are
38-MwW9 Furthest upgradient North Plume well Decreasing decreasing over time.
Center of North Plume and apparent
38-Mw12 source area downgradient of 38-MW9 Steady Concentrations of all CVOCs were steady through time.
292-MW6 Center of North Plume, Steady or Decreasi VC and 1,1-DCA concentrations are steady over time. 1,1,1-TCA, 1,1-
> downgradient of 38-MW12 eacy ©a%INg |pcE, and cis-1,2-DCE indicate an increasing trend.
Center of North Plume, . V(, tis-1,2-DCE, 1,1-DCA, and TCE concentrations decreased over
34-MW downgradient of 22a-MW6 Decreasing time.
Center of North Pl 1,1-DCA and VC levels detected in 2003 are higher than 1998 levels,
34-MW3 g enter 3. ? £3 4US®’1 Steady or Decreasing |but roughly equivalent to 2000-01 levels. Cis-1,2-DCE levels appear
owngradient of 24~ to have decreased since 2000-01.
Center of North Plume, . VC and 1,1-DCA have decreased over time. VC was not detected in
34-0B-12 downgradient of 34-MW3 Decreasing the last two sampling events.
, It is difficult to distinguish between a steady or shrinking plume given
Furthest downgradient Steady or .
35-MWH North Plume well Decreasing 1) when VC has been detected it has been at very low levels and 2)

VC has not been detected in the last two sampling events.
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Chart 1
C vs. t at 21-MW2
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Chart 2

C vs. t at 30-MW6D
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C vs. t at 34-MW3
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INSIGH) FL L ENVIROMNMEN (AL SOLUTIGNS™

Date: October 29, 2003

To: File

From: Jay Hoskins

Subject: UPRR Ogden Rail Yard

USEPA Natural Attenuation Protocol Steps 1-7

This memorandum briefly describes how steps 1-7 of the USEPA Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater (1998) was completed. Step 8 (preparation
of a long-term monitoring and verification plan for the site) is discussed in Section 6.2.2.

STEP I: Review available site data and develop a preliminary site conceptual model.
This step was completed as part of the remedial investigation and is discussed in the RI Report.

STEP 2; Initial Site Sereening
To proceed from the initial site screening step, two questions must be answered affirmatively.

Has the plume moved a shorter distance than would be expected? This question is answered
. “yes”. The basis for this answer is presented in Section 5 of the Rail Yard RI Report.

It is likely that VC is attenuating at rates sufficient to meet remediation objectives in a time
period that is reasonable to other alternatives? The answer to this question is assumed to be
“yes” because analysis of concentration vs. time data indicates that fairly rapid attenuation of the
northern and southern plumes is occurring. A more detailed response to this question is presented
in Section 7.1.

STEP 3: Perform Additional Site Characterization Data to Further Evaluate Natural Attenuation
Natural attenuation data has been collected during three phases.

Phase L During the Phase I investigation, groundwater samples were collected and analyzed for
CVOCs. Water samples were also collected from sewer lines that run beneath the site and
below the water table. Groundwater samples were used to delineate the extent of groundwater
impacts. Sewer water samples indicated that a potential source of groundwater contamination
could be the sewer lines that run between AQI-38 and the former AQI-34 wastewater
treatment facility. The results of this work are discussed in detail in the Phase I report.

Phase II. The Phase II investigation consisted of an evaluation for the potential of chlorinated
solvent DNAPL as a source of the north plume and monitoring well sampling for CVOC and
geochernical parameters. Chlorinated solvent DNAPL was not found in the site, and if
DNAPL exists, it is likely in pockets that defy practical delineation efforts. Monitoring well
data indicate that neither plume is expanding: the north plume is at steady-state and the south
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plume may be shrinking. Geochemical parameters indicated that geochemical conditions in
the north plume are sufficient for reductive dechlorination of VC.

Feasibility Study Investigation. Key north and south plume monitoring wells were sampled in

May/June and August 2003. All of the wells were sampled for CVOCs; some were also
sampled for ethene, ethane, and methane. Analysis of this data is discussed in Appendix D.
Site data indicate that south plume concentrations are decreasing and the plume is likely
shrinking, The north plume is not expanding, and concentrations in some wells appear to be
decreasing. Concentration data for the north plume wells with the highest total CVOC
concentration remain steady over time, indicating that the plume concentrations near the
source of groundwater impacts are not changing.

STEP 4: Refine Conceptual Model, Complete Pre-Modeling Calculations, and Document Indicators of
Natural Attenuation.

The main points of the conceptual model are:

*

Ingestion of north or south plume groundwater is not currently a complete exposure pathway.

Aqueous phase VC is a result of natural attenuation processes that are reductively
dechlorinating TCE, 1,1,1-TCA, and/or PCE.

Diesel LNAPL is driving redox conditions to methanogenic levels capable of producing VC
from these compounds.

A clear source of chlorinated solvents has not been found. CVOCs likely exist in three
phases:

o Aqueous phase (groundwater)
o Sorbed phase (soil or pipe sludge)
o Pockets of DNAPL (above the Alpine Clay or in pipe sludge).

Based on the concentration vs. time trend analysis shown in Appendix B, data suggest that
the north plume is not increasing in extent. The north plume monitoring wells with the
highest levels of dissolved phase CVOCs have steady state concentrations of CVOCs., and

downgradient wells have shown signs of decreasing CVOC concentrations (i.e., plume
shrinkage).

In the south plume, concentrations of VC and its parent CVOCs appear to be decreasing over
time. Based on this trend, the southern CVOC plume may be shrinking.

VC has not been detected in either the Weber River or the 21* Street Pond, which are the
closest surface water bodies. If the northern plume was to migrate it would discharge to the
21* Street Pond, a local groundwater sink.
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An analysis of VC degradation rates was presented in Appendix' O of the Rl report. Based on this
analysis, the biodegradation half-life of VC is estimated to be between 12-62 days.

The analysis of natural attenuation indicator data is discussed in Section 5 of the Rail Yard RI report and
is refined in Appendix D. Based on the natural attenuation indicator data, there is strong evidence for
reductive dechlorination at the site.

STEP 5: Simulate Natural Attenuation Using Fate and Transport Models

The northern VC plume was analyzed using Natural Attenuation Software (NAS) v. 1.2.2, NAS modeling
work is presented in Appendix B. Results are summarized below:

o The length of time required to cleanup groundwater varies linearly with source mass. Larger
source masses require a longer remediation time that smaller ones.

+» Removing the sources of CVOCs decreases the amount of time required by natural
attenuation processes (o achieve aqueous phase criteria. However, because the total amount
of source is difficult to quantify, the effect of source removal is uncertain. Calculations
indicate that the remediation time could be a decade, but this estimate is very uncertain
because the total mass of CVOCs is very uncertain.

» Partial source removal improves the time required to restore the aquifer in the long-term,
however partial source removal does little to improve near-term groundwater quality.
Virtually all source material would need to be removed before meaningful improvements in
near-term groundwater quality are achieved.

STEP 6: Identify Potential Receptors and Exposure Points and Conduct an Exposure Pathway Analysis.

This step was completed and documented in the Baseline Human Health Risk Assessment, Baseline
Human Ecological Risk Assessment, RI Report, and Vapor Phase Pathway Investigation.

« Ingestion of plume groundwater would be of concern if this pathway was complete; however,
groundwater ingestion is not a complete pathway. In order to address future groundwater

ingestion, an institutional control could be applied to the site. Details on such an IC are
provided in Appendix F.

» Vapor phase sampling was performed in the remedial investigation and feasibility study
phases of this project, and results indicate that the CVOC plumes do not pose an clevated
vapor phase risk.

o The discharge point for rail yard groundwater is the 21% Street Pond, and exposure there is
the most likely complete exposure pathway. However VC has not been detected in the Pond,
indicating that the groundwater does not pose an unacceptable risk. Given that VC has not
been detected in the pond and concentration vs. time data indicates that plume expansion is
unlikely, VC is unlikely to pose a future risk to the Pond.

STEP 7. Evaluate the Need for Supplemental Source Controf Measures
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In its directive on MNA, USEPA states, “Control of source materials is the most effective means of
ensuring the timely attainment of remediation objectives. EPA, therefore, expects that source control
measures will be evaluated for all contaminated sites and that source control measures will be taken at

most sites where practicable.”

A positive source of groundwater impacts has not been identified. Altemative 3 (partial source removal)
and Alternative 4 (aggressive source removal) evaluate source control measures.
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Date: September 13, 2004

To: File

From: Jay Hoskins

Subject: Preliminary Determination of Alternate Concentration Limits

for Chemicals of Concern at the UPRR Ogglen Rail Yard

CERCLA Section 121{d)(2)}(B)(ii) provides for the establishment of alternative concentration limits
(ACLs) for groundwater that may be used instead of those that are otherwise applicable (maxirnum
concentration limits and maximum concentration limit goals). An ACL for groundwater may not be

established if 2 point of human exposure is assumed to exist beyond the boundary of a facility except
where the following three criteria are met:

1. There are known and projected points of groundwater entry into the surface water.

2. On the basis of measurements or projections, there is or will be no statistically significant
increase of such constituents from such groundwater in such surface water at the point of entry or
at any point where there is reason to believe accumulation of constituents may oceur downstream.

3. The remedial action includes enforceable measures that preclude exposure to groundwater at any

point between the facility boundary and all known and projected points of entry of such
groundwater into surface water.

EPA considers ACLs appropriate only when restoration to ARAR or risk-based levels is not practicable
and a site-specific analysis demonstrates that the above three conditions for use of ACLSs are met.

The nearest points of human exposure are at the site surface water bodies (the 21* Street Pond, the Weber
River, and the Ogden River), none of which are on rail yard property (i.e., off-site). Therefore, the three
criteria are applicable to the UPRR Qgden Rail Yard facility. The approach used to recommend ACLs at
the UPRR Ogden Rail Yard first examines whether the Site meets the three criteria. Once it has been

determined that the three criteria are satisfied, then site-specific ACLs are developed.

Evaluation of CERCLA ACL Criteria
Criterion 1, There are known and projected points of groundwater entry into the surface water.

An evaluation of the ultimate discharge point of the northem and southern vinyl chloride plumes
(associated with the Rail Yard) and the PAH/Benzene/Ethylbenzene plume (associated with the Northern
Area DNAPL) was performed {(Attachment A). The evaluation concluded that the ultimate groundwater
discharge point at the site, including the areas that currently contain the two vinyl chloride plumes is the
21* Street Pond. Base on flow paths and groundwater elevation maps, groundwater in the vicinity of both
the North Plume and South Plume ultimately migrates toward the 21" Street Pond. The more limited
actual extent of the plumes is due to natural attenuation processes. Additionally, this conclusion is

4* J0OgdeniFeasibilily Streperlifinaliappendicesidppend F.dot
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consistent with the Remedial Investigation (RI) Report’s finding that, in general, the 21 Street Pond acis
as a sink for groundwater flow. Therefore, site conditions satisfy Criterion 1.

Criterion 2. On the basis of measurements or projections, there is or will be no statistically
significant increase of such constituents from such groundwater in such surface water at the point of
entry or at any point where there is reason to believe accumulation of constituents may occur
downstream,

A significant increase in concentrations would be an exceedance of surface water quality criteria. The
recommended groundwater ACLs will be a level that, at the point of compliance, does not result in an
exceedance of surface water quality criteria under normal groundwater discharge conditions. The point of
compliance monitoring wells would be monitoring wells closest to the 21* Street Pond where impacted
groundwater could potentially discharge. Periodic surface water sampling would also be performed to
confirm that pond levels remain below these criteria.

Pond water sampling during the RI has not detected site constituents of concern in the 21*' Street Pond,
Weber River, or the Ogden River. Thus, background levels of site constituents of concern (COCs) in
surface water appear to be below the analytical detection limits used to analyze these samples.

Criterion 3. The remedial action includes enforceable measures that preciude exposure to

groundwater at any point between the facility boundary and all known and projected points of entry of
such groundwater into surface water,

All of the remedial alternatives for which ACLs would be applied include institutional controls to
preclude groundwater exposure. Example institutional controls are provided in Appendix F-Example
Institutional Controls of the FS. Thus, Criterion 3 is met.

Summary

Based on the above discussion, site conditions already meet Criterion 1 and 3. Criterion 2 can be
achieved by establishing ACLs that meet the elements of this criterion. Therefore, ACLs were developed
for this site,

Development of ACLs
General Requirements

To establish ACLs, two points must be defined: the point of compliance (POC) and the point of exposure
(POE). The POC is the “vertical surface” where the monitoring takes place and the groundwater standard
is set. As discussed above, the POE is the 21 Street Pond. The Pond is assumed to be completely mixed
body of water, where constituent concentrations are the same throughout.

For the vinyl chloride plumes, the POC would be established at 35-MW1, the most downgradient well
near where plume groundwater discharges to the 21¥ Street Pond. The ACLs that are presented herein are
based on a level of anticipated attenuation that would occur in the Pond, as well as dilution that would
occur as groundwater discharges to the Pond. Compliance with ACLs would be demonstrated by
comparing ACLs to groundwater concentrations, and Pond sampling would also be performed to confirm
that Pond concentrations are below surface water critenia.
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For the groundwater that is impacted by DNAPL zone constituents, the POC could be established in wells
located at the pond edge. The wells nearest to the pond edge would provide the best location to evaluate
whether the groundwater quality meets the ACL criteria. The well pair 33-MWG6/6FP is the closest well
pair to the eastern edge of the pond. An average groundwater concentration based on data from this well
pair would be compared to the ACL criteria to demonstrate compliance.

Part 1 of the ACL Guidance Document (1987) states that establishment of ACLs should not allow
groundwater plumes to increase in size or concentration. Additional site-wide groundwater monitoring
would be performed to detect shifis in plume extent or concentration. This type of monitoring would
occur with all the remedial alternatives, except the No Action alternatives.

Part 1 of the ACL Guidance Document also states that ACLs should not be established so as to
contaminate off-site groundwater above allowable health or environmental exposure levels. Based on the
understanding of fate and transport of site groundwater impacts, no additional properties would be
impacted after ACLs are established.

Additionally, the ACL Guidance Document states that if a contaminant is lefl in useable groundwater
above a health/exposure level (as with an attenuation argument), the post-closure care period may be
extended beyond 30 years. Based on this statement, post-closure care and groundwater monitoring at the
site would be discontinued only after successfully demonstrating that all groundwater is safe (i.e., meets
MCLs). Monitoring and IC restrictions would continue as long as COCs are present at concentrations
above MClLs.

Identification and Distribution of COCs

The COCs in the rail yard groundwater are primarily chlorinated volatile organics, particularly vinyl
chloride. The COCs in groundwater over the DNAPL zone are benzene, ethylbenzene, and a variety of
PAHs, including carcinogenic PAHs (e.g., benzo(a)pyrene, benzo(a)anthracene, dibenzo(a,h)anthracene,
indeno(1,2,3-cd)pyrene). Table 1 summarizes the maximum detected concentration of these COCs at the
recommended POC wells and the 21* Street Pond.

Figure 1 shows the extent of chlorinated organics near the Pond. As shown, groundwater samples taken
in AOI-38, -22a, and -34 indicate elevated levels of a variety of chlorinated organics. Downgradient of
these AOIs between these AOIs and the Pond, COC concentrations are generally below site screening
levels. In fact, only vinyl chloride has been detected above its site screening level value at the
downgradient end of the plume (35-MW 1, the recommended POC). Using conservative assumptions, it is
possible that vinyl chloride may migrate to the Pond in the future and discharge in a narrow zone.

Figures 2, 3, and 4 show the extent of dissolved phase PAHS, benzene, and ethylbenzene (respectively) at
the Northern Area OU. Based on the data that have been collected, DNAPL constituents appear to be
discharging to the Pond. The well pair (and recommended POC) 33-MWG6/6FP is located along the
southeastern edge of the Pond, near the edge of where these figures suggest an impacted groundwater
discharge exists.
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Pond Water Criteria

Surface water quality criteria are those defined by the State of Utah in Utah Administrative Code (UAC)
R317-2. The 217 Street Pond is not specifically listed in the Code as a water of the state. However,
considering that the Pond effluent is a tributary (i.e., a hydraulically connected waterway) of the Ogden
River, criteria for the Ogden River apply.

The Pond effluent is a tributary to Ogden River along the stretch of the Ogden River between the Weber
River confluence and the Pineview Dam. This section of the river is protected as a class 2B (secondary
contact recreation), class 3 (Protected for use by aquatic life, including cold water species of game fish
and other coldwater aquatic life), and class 4 (agricultural uses) surface water. A summary of water
quality criteria is shown in Table 2, including recommended levels for developing ACLs. While some
criteria are below the analytical detection limits used for previous pond water samples, the baseline risk
assessment did not identify pond water as a risk to human health or the environment.

Calculations

ACLs were calculated by performing a mass balance on each COC that is discharged to the Pond. The
mass balance model that was used is graphically illustrated in Figure 5.

o There are three influent sources of water into the pond: impacted groundwater, non-impacted
groundwater, and Ogden River water that flows into the Pond through the sluice gate.

e Inside the Pond, attenuation mechanisms (e.g., volatilization and biodegradation) degrade
contaminants.

s  Water flows out of the Pond through a single effluent source, the sluice gate at the western edge of
the Pond.

The mathematical model used to develop the ACLs is a simple mixing model. The mathematical
equation that was used is shown in Table 3. General assumptions about model input parameters are the
following.

» The Pond is assumed to be completely mixed and at steady-state.

s Background concentrations in the Ogden River are assumed to be below detectable values. (Three
upstream samples were analyzed and COCs were not detected.) Therefore, background
concentrations are assumed to be negligible. For vinyl chloride, background concentrations in the
Ogden River and in groundwater are assumed to be half of their detection limit. For the
hydrocarbons, these COCs are assumed to not be present.

e Appendix L of the RI Report-Part 2 estimates groundwater flow to the 21* Street Pond. The
estimated groundwater flux into the pond duning typical Pond levels is estimated to be 620 gpm.
Lower pond levels could increase the hydraulic gradient of groundwater into the Pond, which
would increase the total flux of groundwater into the Pond. Alternatively, higher pond levels would
lower the groundwater flux into the Pond. A sensitivity analysis was performed on groundwater
flux into the pond to examine this effect.




MEMORANDUM
September 13, 2004

THE FORRESTER GROUP

INSIGHT FUL ENVIRONMENJAL SOLUTIONS™

Independent of the pond level, the ratio of impacted to unimpacted groundwater is assumed to be
constant.

Estimates of DNAPL impacted groundwater rates are provided in Appendix N of the RI Report-
Part 2. Based on this modeling, the impacted groundwater inflow rate over the DNAPL zone
during period of typical Pond levels is 173 gpm.

An estimate of the vinyl chloride impacted groundwater flow rate into the pond was made based on
Darcy’s law, where Q=Hydraulic conductivity x hydraulic gradient x discharge area.

o The hydraulic conductivity near the Pond is assumed to be 280 feet/day, based on results of a
Northern Area pumping test.

o The hydraulic gradient just south of the pond is estimated to be 0.013 foot/foot, based on
estimates of the monthly hydrographs provided in the RI Report-Part 1.

o The discharge area is the cross-sectional area over which groundwater discharges into the Pond
(i.e., the plume width x pond water depth). At the downgradient of the plume, the plume width
is estimated to be 450 feet. The pond depth is assumed to be 4 feet based on depth
measurements taken from the center of the Pond. :

o Based on these inputs, the flow rate of vinyl chloride impacted groundwater into the Pond is
estimated to be 34 gpm.

Based on Appendix M of the RI Report-Part 2, the volume of water in the pond is estimated to be a
constant 30,000,000 gallons.

Attenuation that occurs between the POC wells and the Pond is conservatively neglected.

ACLs were developed based on two sets of conditions: a “low flow” condition and an “average-flow”
condition. The low flow condition is intended to represent a reasonable worst case condition, whereby
the concentration of groundwater being discharged to the Pond does not exceed surface water quality
criteria. ACLs based on reasonable worst case condition would also be protective of other conditions.
EPA’s default chronic design low flow is defined as the value below which the 4-day harmonic mean
flow does not drop more than once every three years on average. However, because very little historical
data on Pond conditions is available, it is not possible to determine the low flow condition in this manner.
An alternative set of assumptions was therefore used to develop the low flow conditions.

Influent from the Ogden River is assumed to be negligible.

The total amount of groundwater flux into the Pond remains constant (i.e., discharge rates of
impacted groundwater do not decrease).

A sensitivity analysis on model parameters, including Pond attenuation rates, was performed to
demonstrate that the ACL. based on the low flow condition is conservative.

For viny! chloride, pond attenuation is neglected. Bioattenuation and volatilization factors are
included in developing ACLs for benzene and ethylbenzene. Bioattenuation rates are altso included
in developing ACLs for toluene and the PAHs. The bioaltenuation rates are based on literature

5
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values reported in Howard et al (1991). Volatilization rates are based on the calculations performed
in Tables 9-11.

The average flow condition is intended to represent conditions that typically represent the Pond system.
The purpose of this analysis is to determine the groundwater concentration at which plume concentrations
are above analytical detection limits (i.e., concentrations are detectable). Specific assumptions made
about the average flow condition are the following.

¢ The Ogden River influent is assumed to be 100 gpm, based on estimates presented in Appendix N
of RI Report-Part 2.

¢ The total amount of groundwater flux into the Pond is assumed to be constant.

+ Bioattenuation and volatilization factors for benzene, ethylbenzene, and vinyl chloride are
included in developing ACLs. Bioattenuation rates are also included in developing ACLs for
toluene and the PAHs.

Results and Discussion
Low Flow Condition Using Water Quality Criteria-Vinyl Chloride

A base case condition was developed to compare the effect of model parameters input on allowable
groundwater concentration developed for vinyl chloride (Table 4). The base case condition makes the
assumption that no attenuation of vinyl chloride occurs in the Pond. The base case condition indicates
that vinyl chloride concentrations in groundwater at the POC could reach nearly 9.6 mg/L and surface
water standards would not be exceeded. The base case concentration is conservative because:

o If Ogden River is allowed into the Pond at a rate of 100 gpm, allowing more dilution to take place,

calculations indicate groundwater concentrations could reach 11 mg/L and surface water criteria
would not be exceeded.

e Vinyl chloride attenuation via biodegradation and volatilization is likely a very significant
atienuation process that is neglected. Assuming a aerobic biodegradation half-life of 28 days
(based on the Laboratory Microcosm Test Report), the allowable groundwater concentration is
approximately 18 mg/L.

» Decreasing the total flux of groundwater into the Pond by half, but assuming the relative
proportion of impacted and non-impacted groundwater remains the same, does not result in a
change from the base-case results.

¢  All attenuation that occurs between the POC and the Pond is neglected.

The highest measured concentration of vinyl chloride at the rail yard at any time is 3.1 mg/L. The model
estimates are all well above this level. Based on this comparison, the probability that vinyl chloride
concentrations in the Pond would be above surface water quality standards is small, even if the areas of
the plume with highest concentrations migrated to the Pond.
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Low Flow Condition Using Water Quality Criteria-DNAPL Constituents

A base-case condition was also developed to compare the effect of model parameter input on the
allowable groundwater concentration developed for the DNAPL constituents (Table 5). This base case
condition makes the assumption that natural attenuation of these compounds occurs at the low end of the
range of literature biodegradation rates reported in Howard et al (1991). The allowable concentrations
that result from this base case condition are shown below.

Constituent Allowable
Concentration (ug/L)
Benzene 452
Ethylbenzene 348,071
Toluene 1,475,595
Acenapthene 4,358
Anthracene 150,611
Benzo(b)fluoranthene 0.067
. Benzo(k)fluoranthene 0.065
Benzo(a)anthracene 0.067
Benzo{a)pyrene 0.067
Chrysene 0.080
Dibenzo(a,h)anthracene 0.066
Fluoranthene 528
Fluorene 26,368
Indenc(1,2,3-cd)pyrene 0.067
Pyrene 14,511

The base case condition results in a conservative estimate of allowable groundwater concentrations
because;

. * Neglecting Ogden River influent results in a lower allowable groundwater concentration.
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» Decreasing the total flux of groundwater into the Pond, assuming the volume of water in the Pond
remains the same, increases the Pond retention time. The increased retention time in the Pond
allows biological processes to degrade more of the contaminant.

o The bioattenuation rates that were used to develop the base case groundwater concentrations
represent the low end of rates reported by Howard et al (1991). With higher atienuation rates in
the Pond, a higher concentration of constituents in groundwater can be discharged to the Pond.

» All attenuation that occurs between the POC and the Pond is neglected.
Average Flow Condition and Detectable Levels- Vinyl Chioride

The base case for this average flow condition assumes that the analytical detection limit for vinyl chlonde
is 2 ug/L, and the inherent variation in sampling results is assumed to be 10 percent of the detection limit.
The allowable groundwater concentrations developed with this set of parameters calculate the average
concentration of vinyl chloride entering the pond for which Pond levels remain below 2.2 ug/L (Table 6).
The calculated allowable concentration for this condition is 62 ug/L. A sensitivity analysis indicates that
if influent river water is neglected, the calculated level is 57 ug/L. Decreasing the flux of groundwater
into the Pond by half while keeping the Pond volume constant results in an allowable groundwater
concentration of 101 ug/L.

Average Flow Condition and Detectable Levels-DNAPL Constituents

The base case for this average flow condition assumes that the analytical detection limit for benzene and
ethylbenzene to be 1 ug/L, and the detection limit for the carcinogenic PAHs to be 2 ug/L.. The inherent
variation in sampling results is assumed to be 10 percent of the detection limit. The base case makes the
assumption that natural attenuation of these compounds occurs at the high end of literature biodegradation
rates reported in Howard et al. The results of these calculations are shown in Table 7. The allowable
concentrations caiculated from this base case are shown below,

Constituent Groundwater
Concentration (ug/L)
Benzene 21
Ethylbenzene - 34
Toluene 26
Acenapthene 21
Anthracene 10
Benzo(b)fluoranthene 6.5
Benzo(k)fluoranthene 6.2
L
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Benzo(a)anthracene 7.8
Benzo(a)pyrene 9.2
Chrysene 6.5
Dibenzo(a,h)anthracene 6.5
Fluoranthene | 7.3
Fluorene 12
Indeno(l,2,3-cd)pyrene 9.1
Pyrene 6.4

The sensitivity of these results to neglecting flow into the Pond from the Ogden River is very small.
Decreasing the flux of groundwater into the Pond by half results in calculated groundwater concentrations

that are above those calculated in the base case.

. Preliminary ACL Determination

Recommended ACLs for the site are shown in Table 8 and discussed below.

¢ The recommended ACL for vinyl chloride is 9,556 ug/L. However, if concentrations at the POC
ever reach 57 ug/L (the surface water criterion), then Pond sampling would also be used to

demonstrate compliance with surface water criteria.

s The recommended ACLs for DNAPL constituents are based on low flow conditions and protective
of typical flow conditions. If the average COC concentration at the POC is calculated to be at or
above the surface water criteria, then Pond water sampling would also be used to demonstrate

compliance with surface water quality criteria,

References

Howard et al, Handbook of Environmental Degradation Rates, 1991.
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Table 1

Maximum Detected Concentration of COCs

at the 21st Street Pond, 35-MW1, and 33-MW6/6FP

Parameter Name Units| 21st Street Pond | 35-MW1 33-MWG6 | 33-MW6FP
Viny! Chloride ug/l | <1 2 <2 <2
Benzene uglL <1 <1 130 35
Ethylbenzene ug/l | <2 <1 400 120
Toluene ug/L <1 <1 15 3
Xylenes (total) ugll. <3 <3 180 34
Acenapthene uglt <2 4 220 130
Anthracene ug/L <2 <2 18 20
Benzo(b)fluoranthene ug/L <2 <2 <2 0.2
Benzo{k)fluoranthene ug/L <2 <2 <2 0.2J
IBenzo(a)anthracene ug/L <2 <2 0.3J) 0.8J
Benzo(a)pyrene ug/L <3 <1 <2 0.5J)
Chrysene ugit <2 <1 10 0.94
Dibenzo(a,h)anthracene | ug/L <1 <2 <2 0.2J
Fluoranthene uglL <2 <2 4 9
Fluorene ug/L <2 4 64 52
Indeno{1,2,3-cd)pyrene | ug/L <2 <2 <2 0.07J
Pyrene ug/L <2 0.2 10 14




Qle 2

Surface Water Quality Criteria and Analytical Detection Limits

Utah Surface Water Quality Criteria® EPA Recommended | Criteria Applied in
Class 2B Criteria | Class 3A Criteria | Class 4 Criteria] Criteria®, Organism Developing ACL
Chemical {ugiL) (ug/L) {ug/L) {uglL) {uglL)

CVOCs
|Ving Chioride None 530 None 530 530
DNAPL Constituents

Benzene None 51 None 51 51
Ethylbenzene None 29,000 None 20,000 29,000
Toluene None 200,000 MNone 200,000 200,000
Xylenes {total) None None None None None
Acenapthene None 990 None 990 990
Anthracene None 40,000 None 40,000 40,000
Benzo(b)luoranthene None 0.018 None 0.018 0.018
IBenzo(k)fluoranthene None 0.018 None 0.018 0.018
|Benzo(a)anthracene None 0.018 None 0.018 0.018
Benzo(a)pyrene None 0.018 None 0.018 0.018
Chrysene Neone 0.018 None 0.018 0.018
Dibenzo{a,h)anthracene None 0.018 None 0.018 0.018
Fluoranthene None 140 None 140 140
Fluorene None 5,300 None 5,300 5,200
Ideno(1,2,3-cd}pyrene None 0.018 None 0.018 0.018
Pyrene None 4,000 None 4,000 4,000

a Utah Water Quality Criteria, UAC R317-2, Effective 3/1/04
b National Recommended Water Quality Criteria:2002, EPA-822-R-02-047, USEPA, November 2002



Table 3
Mathematical Model Used to Develop Groundwater ACLs

ACI= (me X Cp 0wt Kpona™Veona® CPond) - (QCW,therx Cowonert Qrn ¥ CR,]n)

Q;W,C roc

ACL Allowable groundwater concentration of CVOC entering the Pond (to be determined, ug/L)
Qr 0w Effluent flowrate out of the Pond, into Ogden River (gpm)

Crout Concentration of CVOC in Pond effluent. Assumes C,,d=Cr out (a8 determined to be allowable, ug/L)
ti2, b0 Bicattenuation half-tife (days)

tii2, vo Volatilization half-life (days), see Table 8

keona Pond Attenuation Rate (1/min)

Veona Pond Volume (gallons})

Cpong Concentration of CVOC in the Pond {as allowable, ug/L)

Qgw.omer Flowrate of other groundwater into the Pond (gpm)
Caw.omer Concentration of CVOC in other groundwater entering the Pond (Assumed to be 0, ugiL)
Qg Ogden River influent flowrate {gpm)
Cr.n Concentration of CVOC in Ogden River influent (Assumed to be 0, ug/L)
Qgw.cvoc Flowrate of CVOC plume groundwater into the Pond (gpm)
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Northern Plume ACL Model Results: Low Flow Condition

o
R 4

Influent River Water Influent Groundwater Aftenuation Effluent Pond Water | Groundwater
Parameter Qry Cam | Qowevor | Qowomer | Cowomer Veond a2, bao Yz vol Keond Ceond | Qroun Caou Concentration
{gpm) {ug/l) { (gpm} | (gpm} | {ugil) {gal} {days) | (days) | (1/min} ! ({ugfl) {gpm) {ugiL) {ugil)
[Low Flow Condition-Base Case
Vinyl Chloride 0 0.5 34 586 1 30,000,000| None None None 530 620 530 9,647
[Effect of Influent River Water
Vinyl Chloride 100 : 0.5 34 586 1 30,000,000 | None None Nane 530 720 530 11,205
|Low Flow Condition-Assuming total groundwater flux to pond decreases by half.
Vinyl Chioride [ 0.5 ATl 203 1 30,000,000 None None None 530 [F=-810:7 530 9,647
|Low Flow Condition-including Bioattenuation _
[vinyl Chioride | 1] | o5 (| 34 586 1 30,000,000 |77 282t 5188 A 76E-05 | 530 620 530 17,880
Notes:

(QR,O;:: % Cg our + Kpond™ Vond™ Cpom)_(QGmaaerx Cow.omert Crin * CRJn)
Qwcvoc

ACL=

ACL Allowable groundwater concentration of CVOC entering the Pond {to be determined, ug/L)
Qr.ou Effluent Rowrate out of the Pond, Into Ogden River (gpm)
Cr.ou Concentration of CVOC in Pond effluent. Assumes Cn=Cr ot (a5 determined to be allowable, ug/L)
tiz, wo Bioattenuation half-life {days)
tiz, va Volatilization half-life (days), see Table 8
Kpens Pond Attenuation Rate (1/min}
Vpend Pond Volume (gallons)
Crong Concentration of CVOC in the Pond {as allowable, ug/L)
Qgw.ome Flowrate of other groundwater Into the Pond {gpm)
Cow.omer Concentration of CVOC in other groundwater entering the Pond {Assumed to be 0, ug/L)}
Qg Ogden River influent flowrate {gpm)
Cru Concentration of CVOC in Ogden River influent (Assumed to be 0, ugil)
Qaw.cvoc Flowrate of CVOC plume groundwater into the Pond {gpm}

Biological degradation rates taken from Handbook of Enviranmental Degradation Rates, Howard et al., 1991



DMAPL Zone ACL Madel: Low Flow Condition Resuits

Table 5
DNAPL Zone ACL Model Results: Low Flow Condition

influent River Water Infiuent Groundwater Attenuation Effluent Pond Water Groundwater

Parameter Qp, c w Qewomer | Cowomer |  Veona toww | i vl a Chand Qe ot Crou Concentration
(apm) | (ug/L) | (apm) | (gpm) | (ugfl) {gal} | (days) | (days} | (min) | {ua/L} | (gpm) | (ugil) {ugL)

Low Fiow Condition-Base Case —
Benzene 0 Q 173 447 0 30,000,000 16 1,305 3.05E-05 51 ' 620 51 452
Ethylbenzene 0 1] 173 447 Q 30,000,000 10 1,522 4.85E-05 | 29,000 §20 29,000 348,071
Toluene 0 0 173 447 1] 30,000,000 22 - 2.19E-05 | 200,000 620 200,000 1,475,695
Acenapthene 0 0 173 447 0 30,000,000 102 — 4.72E-06 290 620 990 4,358
Anthracene 0 4] 173 447 0 30,000,000 460 - 1.05E-06 | 40,000 620 40,000 150,611
Senro(b)fluoranthene 0 0 173 447 0 130,000,000 610 — 7.89E-07 | 0.018 620 0.018 0.067
|Benzofk fluorantheng 0 0 173 447 0 30,000,000) 2140 - 2.25E-07 ) 0.018 620 {.018 0.065
|Benzo{a)anthracense 1] 0 173 447 0 30,000,000 680 - 7.086-07] 0.018 620 0.018 0.067
IBenzotaipyrene 0 0 173 447 0 30,000,000 530 - 9.0BE-07 0.018 620 0.018 0.067
IChrysene 0 0 173 447 0 30,000.000 100 - 481E-068]| 0.018 620 0.018 (.080
Dibenzo(a,hianthracene 0 0 173 447 1] 30,000,000 940 - 512E-071 0018 620 _ 0.018 0.066
Fluoranthene 0 0 173 447 0 30,000,000 440 - 1.08E-05 140 620 140 528
Fluorene 0 0 173 447 0 30,000,000 60 - 8.02E-06 | 5,300 620 5,300 26,368
Ideno{1,2,3-cd)pyrene 0 0 173 447 0 30,000,000 730 - 6.59E-07 | 0.018 620 0.018 0.067
IPyrene 0 0 173 447 0 30,000,000 1900 - 2.53E-Q7 ) 4,000 620 4,000 14,511




DNAPL Zone ACL Model: Low Flow Condition Results

.es

DNAPL Zone ACL Model Results: Low Flow Condition

[infiuent River Water influent Groundwater Attenuation Effiuent Pond Water | Groundwater

Parameter Crin _&_w_gtx_‘ | Qow.omer | Cowomer | Vpong Yo | tioua Koond Crond Crou Concentration

(gpm) | (uph) | (gpm) | (gpm) {gal) {days) | {days) | (1/min} | (ugil) | {ugit) {ugft)
|Eftect of Influent River Water
|Benzene 100 0 173 447 0 30,000,000 16 1,305 | 3.05E-05 51 51 432
|Ethyibenzene 100 0 173 447 0 30,000,000 10 1.522 | 4.85E-05] 29,000 29,000 364,834
Toluene 100 0 173 447 0 30,000,000 22 — 2.18E-05 | 200,000 200,000 1.591,202
Acenapthene 100 0 173 447 0 30,000,000 102 - 4.72E-06 290 990 4,930
Anthracene 100 0 173 447 0 30,000,000 460 - 1.05E-06 | 40,000 40,000 173,732
Benzo(bfluoranthene 100 0 173 447 0 30,000,000 610 - 7.89E-07 | 0.018 0.018 0.077
Benzo(k)ffugranthene 100 0 173 447 0 30,000,0001 2140 - 2.25E-07 | 0.018 0.018 0.076
Benzo{ajanthracene 100 0 173 447 1] 30,000,000 630 - 7.08E-07 | 0.018 0.018 0.077
Benzo{a)pyrene 100 0 173 447 0 30,000,000 530 - 9.08E-07 | 0.018 0.018 0.078
Chrysene 100 0 173 447 0 30,000,000 100 - 481E-06] 0.018 0.018 0.090
Dibenzo(a,h)anthracene 100 0 173 A47 0 30,000,000 944} - 5.12E-07| 0.018 0.018 0.077
Fluoranthene 100 1] 173 447 0 30,000,000 440 — 1.09E-06 140 140 609
Fiuorene 100 0 173 447 0 30,000,000 60 - 8.02E-06 | 5300 5,300 28,431
ldeno{1,2,3-cd)pyrene 100 0 173 447 0 30,000,000 730 - 6.59E-07 | 0.018 0.018 0.077
IPyrene 100 0 173 447 0 30,000,000 1900 - 2.53E-07| 4,000 4,000 16,823
Low Flow Condition-Assuming total groundwater flux to pond decreases by half. _
Benzene 1] 0 B6.5 223.5 0 30,000,000 16 1.305 | 3.05E-08 51 0 51 722
Ethylbenzene 0 0 B86.5 223.5 0 30,000,000 10 1,522 4.85€-05| 28.000 0 29,000 592.212
Toluene 0 0 86.5 2235 0 30,000,000 22 — 2.19E-05 | 200,000 310 200,000 2,234,426
Acenapthene 1] 0 86.5 223.5 0 30,000.000 102 - 4.72E-06 990 0 990 5,168
Anthracene 0 1] BE.5 223.5 0 30,000,000 460 - 1.05€-06 | 40,000 310 40,000 157,869
Benza{biflucranthene 1] 0 86.5 _223.5 0 30,000,000 610 - T.89E-07 | 0.018 310 - 0.018 0.069
Benzo(k)fluoranthene Q 0 86.5 223.5 0 30,000.000] 2140 - 2.25E07]| 0.018 0 0.018 0.066
Benzo(a)anthracens 0 0 86.5 223.5 0 30,000,000 680 - 7.08E-07 ] 0.018 0 0.018 0.069
Benzo{a)pyrene 0 0 86.5 223.5 0 30,000,000 530 — 9.08E-07] 0.018 310 0.018 0.070
Chrysene 0 0 86.5 223.5 0 30,000,000 100 - 481E-08| 0.018 310 . 0.018 0.095
Dibenzof{a,hjanthracene 1] 0 BE.5 223.5 0 30,000,000 9440 - S12E-07 | 0.018 310 0.018 0.068
[Fluoranthene 0 Q 86.5 2235 1] 30.000,000 440 — 1.09E-08 140 Q 140 555
[Fluorene 0 0 885 .| 2235 1] 30,000,000 60 - 8.02E-08 5,300 310 5,300 33,741
lideno{1,2,3-cd jpyrene ) 0 86.5 2235 0 30,000,000 730 - 6.59E-07 | 0.018 0 0.018 0.068
IPyrene 0 0 86.5 223.5 0 30,000,000 1900 - 2.53E-07 | 4,000 0 4,000 14,687




Table 5

DNAPL Zone ACL Model Results: Low Flow Condition

DNAPL Zone ACL Model: Low Flow Condition Results

Infiuent River Water Influent Groundwater Aftenuation Effluent Pond Water ]  Groundwater
lﬂamelef Qg Crm__| Qowcoc | Qowomer | Cowovra § Veona | t L Kogng | ©C |_Qrow | Crow | Concentration
{gpm) {ugiL) fgpm) | {gpm) | (ugil) {gal} {days) | {days) | {1/min} | (ug/L {gpm) | ({(ugl) fugit)

|Low-flow Condition-Including Bioattenuation & Photalysis
|Benzene 0 4] 173 447 0 30,000,000 16 1,305 | 3.05E-05 51 620 51 452
|[Ethylbenzene 0 1] 173 447 g 30,000,000 10 1,522 | 4.85£-05| 29,000 620 29.000 348,071
Toluene 0 g 173 447 0 30,000,000 22 - 2.19E-05 | 200,000 20 200,000 1,475,595
Acenapthene 0 0 173 447 0 30.000,000F 125 - 3.85E-05 980 620 990 10,159
Anthracene 0 0 173 447 0 30,000,000] 0.071 - 6.80E-03 | 40,000 620 40,000 47,280,189
Benzo(b)fluoranthene 0 0 173 447 0 30,000,000 30 — 1.60E-05] 0.018 620 0.018 0.115
Benzofkfluoranthene o 0 173 447 0 30,000,000 21 - 2.32E-05| 0.018 620 0.018 0.137
|Benzo{ajanthracene 1] 0 173 447 g 30.000,000) 0.126 - 3.85E03] 0.018 620 0.018 12.084
Benzo(ajpyrene 0 0 173 447 0 30,000,000| 0©.046 - 1056021 0.018 620 0.018 _32.848
Chryseng 0 0 173 447 0 30.000,000{ 0.542 - 8.89E-04 | 0.018 620 0.018 2.838
Dibenzo{a,hjanthracene 0 (4] 173 447 o 30.000.000 33 = 1.48E-05| 0.018 620 0.018 0.111
Fluoranthens 0 1] 173 447 ] 30,000,000 2.8 = 1.85E-04 140 620 140 4,996
Fluorene 0 1] 173 447 0 30,000,000 60 — 8.02E-08| 5,300 620 5,300 26,368
Ideno{1,2,3-cd)pyrene 0 0 173 447 5] 30,000,000] 250 - 1.93E-06 | 0.018 620 0.018 0.071
|Pyrene 0 0 173 447 0 30,000.000| 0.085 - 5.66E-03 | 4,000 620 4,000 3.942 405
Notes:

(Q?,OuerROw"'kPonax Voond® Cpan)‘(QGmomx Conomert o XCR.M)
Oewevoc

ACI=

ACL Allowable groundwater concentration of CVOC entering the Pond (to be determined, ug/L}

Qrou Efffuent flowrate out of the Pond, into Ogden River {gpm)

Crowt Concentration of CVOC in Pond effiuent. Assumes Cppni=Cr out (@5 determined to be aflowable, ug/L)

Keona Pond Attenuation Rate (1/min}

Veana Pond Volume (gallons)

Cpona Concentration of COC In the Pond (as allowable, ug/L)
Qow.ome: Flowrate of other groundwater into the Pond {gpm)

Cow,oner Concentration of COC in other groundwater entering the Pond (Assumed to be 0, ug/L)

Qr, Ogden River influent flowrate {gpm)
Cruy Concentration of COC in Ogden River infivent {Assumed to be 0, ug/L)
Qow.evoc Flowrate of COC plume groundwater into the Pond (gpm)

Degradation rates taken from Handbook of Environmental Degradation Rates, Howard et al., 1991.
Base case rates are based on the low-end of biodegration rates reported.
Case 3 rates are based on the low-end of surface water degraldation rates reported.

Peach shaded cells represent concentrations above solubility valves reported by Suthersan (1997).
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Northern Plume ACL Model Results: Average Flow Condition

Northern Plume ACL Model: Avagge Flow Condition Results _
tnfluent River Water influent Groundwater Attenuation Effiuent Pond Water | Groundwater
Parameter Qg Cain | Qowevoe | Qowonw | Cawome Veona_ ti, bio Kegna_ Cegng Qg ou Crou | Concentration
{gpm) {ught) | (gpm} ! (gpm} {ugfL} {gal) {days} ! (days) | (t/mim}) [ (ug/L} {apm) {ug/L) {ug/l)

|Avg. Flow Condition-Bage Case

Vinyl Chloride 100 0.5 34 586 1 30,000,000 28 1,168 1.76E-05 2.2 720 2.2 _62
|Effect of Influent River Water _

Vinyl Chloride Q 0.5 34 586 1 30,000,000 28 1,168 | 1.76E-05 2.2 620 2.2 57

|Avg. Flow Condition-Assuming total groundwater flux to pond decreases by half. _

Vinyl Chioride | 100 05 | 17 1. 283 | 1 130,000,000 28 1,168 | 1.76E-05 22 | #10 2.2 101

Notes:

ACT= (.QR.Om X Cp o+ Kpona™ Veona® CPomJ ‘(Qama;mx Cow.omert Op i % CRIH)

Oswevoc

ACL Allowable groundwater concentration of CVOC entering the Pond (o be determined, ug/L)
Qr o Effluent lowrate out of the Pond, into Ogden River (gpm}
Crouw Concentration of CVOC in Pond effivent. Assumes Cooni=Cr o (a5 determined {o be allowable, ugil)
tiz. wo Bioalttenuation half-life (days)
tiz, va Volatilization halfife (days), see Table 8
ke Pond Attenuation Rate (1/min)
Veoa Pond Volume {gallons}
Crena Concentration of CVOC in the Pond (as allowable, ugil)
Qew.omer Flowrate of other groundwater into the Pond (gpm)
Caw.omer Concentration of CVOC in other grourdwater entering the Pond {Assumed to be 0, ug/L)
Qr, Ogden River influent flowrate {gpm}
Crin Concentration of CVOC in Ogden River influent (Assumed to be 0, ug/L)
Quw.evoe Flowrate of CVOC plume groundwater into the Pond {gpm}

Biclogical degradation rates taken from Handbook of Environmental Degradation Rates, Howard et al,, 1991



2 Table 7
DNAPL Zone ACL Model Results: Average Flow Conditions

DNAPL Zone Groundwater ACL Model: Average Flow Condiion Results

Influent River Water Influent Groundwater Aftenuation Effluent Pond Water | Groundwater
Parameter Qg Cam Qoweoe | Qowome | Cowom Veons a2 oo Yz ver Krong Crong Qg out Crom Concentration
m) {ugfl) {apm} {gpm} {ugfL) (gal) (days) (days) | (Vmin} | (ugl) 1 {gpm) {uarlL) (ugl) |

|Avg. Flow Condition-Base Case -

|Benzene 100 0.5 173 47 0.5 30,000,000 5 1,305 | 9.67E-05 1.1 720 1.1 21

|[Ethylbenzene 100 0.5 173 447 0.5 30,000,000 3 1,522 | 1.61E-D4 1.1 720 1.1 34
Toluene 100 0.5 173 447 Q0.5 30,000,000 4 - 1.20E-04 1.1 720 1.1 26
Acenapthene 100 1 173 447 1 30,000,000 123 - 3.91E-05 22 720 2.2 21
Anthracene 100 1 173 447 1 30,000,000 50 — 9.63E-08 22 720 2.2 10
Benzo(b)uoranthene 100 1 173 447 1 30,000,000 360 - 1.34E-06 22 720 2.2 6.5
Benzo(k)flucranthene 100 1 173 447 1 30,000,000 810 - 5.29E-07 22 720 2.2 6.2
Benzo{a)anthracene 100 1 173 447 1 30,000,000 102 - 4.72E-06 22 720 22 7.8
Benzo{alpyrene 100 1 173 447 1 30,000,000 57 - 8.44E-06 2.2 720 2.2 9.2
Chrysene 100 1 173 447 1 30,000,000 37t - 1.30E-06 2.2 720 22 6.5
Dibenzo(a,hlanthracene 100 1 173 447 1 30,000,000 361 - 1.33E-06 2.2 20 22 6.5
Flugranthene 100 1 173 447 i 30,000,000 140 - 3.44E-06 2.2 720 2.2 7.3
Fluorene 100 1 173 447 1 30,000,600 32 - 1.50E-05 2.2 720 22 12
Ideno(1.2,3-cd}pyrene 100 1 173 447 1 30,000,000 60 = 8.02E-06 22 720 2.2 9.1

|Pyrene 100 1 173 447 1 30,000,000 506 - 9.51E-07 22 720 22 6.4

| —

[Effact of Influent River Water

[Benzene 0 0.5 173 447 0.5 30,000,000 5 1,305__ | 9.67E-05 1.1 620 1.1 21
Ethylbenzene 9 0.5 173 447 0.5 30,000,000 3 1,522 | 1.61E-04 1.1 620 1.1 33
Toluene 1] 0.5 173 447 0.5 30,000,000 4 - 1.20E-04 1.1 620 1.1 26
Acenapthene 1} 1 173 447 1 30,000,000 12.3 - 3.91E-05 2.2 620 22 20
Anthracene Q 1 173 447 1 30,000,000 50 — 9.63E-06] 22 620 22 9.0

IBenzo{b)flugranthene D 1 173 447 1 30,000,000 360 ~ 1.34E-06 2.2 620 2.2 5.8

|eenzofkifiuoranthene [1] 1 173 447 1 30,000,000 10 - 5.29E-07 22 620 2.2 5.5
Benzo(a)anthracene Q 1 173 447 1 30,000,000 102 — 4.72E-06 2.2 620 2.2 7.1
Benzo{a)pyrene 0 1 173 447 1 30,000,000 57 ~ 8.44E-06 2.2 620 2.2 8.5
Chrysene [] 1 173 447 1 30,000,000 a7 ~ 1.30E-06 2.2 620 2.2 5.8

|Dibenzofa hlanthracens [1] 1 173 447 1 30,000,000 361 — 1.33E-06 2.2 620 2.2 5.8
Flucranthene 1] 1 173 447 1 30,000,000 140 — 3.44E-06 2.2 620 2.2 6.6
Fluorene 0 1 173 447 1 30,000,000 32 — 1.50E-05 2.2 620 2.2 11
Ideno(1,2,3-cd)pyrene 0 1 173 447 1 30,000,000 60 - 8.02E-06 22 620 2.2 8.4

|Pyrene 0 1 173 447 1 506 - 9.51E-07

=
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DNAPL Zone ACL Mode! Results: Average Flow Conditions

Avg. Flow Condition-Assuming total groundwater flux to pond decreases by half.
Benzene 100 0.5 885 223.5 0.5 30,000,000 5 1,305 | 9.67E-05 1.1 4 1.1
Ethylbenzene 100 0.5 86.5 223.5 0.5 30,000,000 3 1,522 | 1.61E-04 1.1 4 1.1
Toluene 100 0.5 88.5 223.5 Q.5 30,000,000 4 - 1.20E-04 1.1 4 1.1
Acenapthene 100 1 86.5 _2235 1 30,000,000 12.3 - A.91E-05 2.2 4 2.2
Anthracene 100 1 86.5 223.5 1 30,000,000 50 - 9.63E-06 2.2 4 2.2
1Benzo{b}fluoranthene 100 1 86.5 223.5 1 30,000,000 360 - 1.34E-06 2.2 4 22
IBenzo(k)fluoranthene 100 1 B6.5 223.5 1 30,000,000 910 - 5.20E-07 22 410 22
|Benzofajanthracene 100 1 86.5 223.5 1 30,000,000 102 — 4.72E-06 2.2 410 2.2
Benzolalpyrene 100 1 86.5 223.5 1 30,000,000 57 - 8.44E-06 2.2 410 22
Chrysene 100 1 86.5 223.5 1 30,000,000 an - 1.30E-06 2.2 410 2.2
Dibenzo(a hlanthracene 100 1 86.5 223.5 1 30,000,000 361 - 1.33E-06 22 410 22
Fluoranthene 100 1 86.5 223.5 1 30,000,000 140 - 3.44E-06 2.2 410 2.2
Fluorene 100 1 86.5 2235 1 30,000,000 32 — 1.50E-05 2.2 . 410 2.2
Ideno(1.2,3-cd)pyrene 100 1 86.5 223.5 1 30,000,000 60 - 8.02E-06 2.2 M0 2.2
Pyrene 100 1 86.5 223.5 1 30,000,000 506 - 9.51E-07 2.2 410 22
Notes:

(Qv,ou.c X Cp our + Kpond™ Veona* CPM) _(%maherx Cow omert Or in X Cn.fn)
Oow.cvoc

ACL Allowable groundwater concentration of CVOC entering the Pand (to be determined, ugiL)
Qrout Effuent flowrate out of the Pond, into Ogden River (gpm)
Crou Concentration of CVOC in Pond efftuent. Assumes Cp,ni=Cp o (85 determined to be aflowable, ug/L)
tsn, oo Bioattenuation half-life (days)
biz, v Volatilization haif-life (days), See Tables 9 and 10
kegng Pond Attenuation Rate (1/min}
Veona Pond Volume (gallons)
Crona Concentration of CVOC in the Pond {as allowable, ug/L)
Qow.omer Flowrate of other groundwater into the Pond {gpm)
Cow.ome Concentration of CVOC in other groundwater entering the Pond (Assumed to be G, ugil)
Qg Ogden River influent flowrate (gpm})
Crin Concentration of GVOC in Ogden River influent (Assumed to be 0, ugiL)
Qgw.evoe Flowrate of CYOC plume groundwater into the Pond {gpm)

ACI=

Biological degradation rates taken from Handbook of Environmental Degradation Rates, Howard et al., 19914




Table 8

Recommended ACLs

Recommended
ACL
Chemical (ug/L)
CVQOCs
[Vinyl Chioride 9,556
DNAPL Constituents
[Benzene 452
Ethylbenzene 348,071
Toluene 1,475 585
Acenapthene 4,358
Anthracene 150,611
Benzo(b)fluoranthene 0.067
Benzo{k}fluoranthene 0.065
Benzo(a)anthracene 0.067
Benzo(a)pyrene 0.067
Chrysene 0.080
Dibenzo{a,h)anthracene 0.066
Flugranthene 528
Fluorene 26,368
Ideno(1,2,3-cd)pyrene 0.067
Pyrene 14,511
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Volatilization Rate Calculations-Vinyt Chloride

Attenuation Rate Calculations

-1

k=1l L4+ RT
"% Hik,

From Moore and Ramamoorthy, Crganic Chemicals in Natural Waters, 1984

Conversion Factors

" Depth (feet) 4

Depth {cm)| 121,92

Henry's Constant (atm-m*/mol) 2.78lfor VC
Henry's Constant {torr/M)]| 2.11E+06

Temperature {deg C)|. 25
Temperature {deg K) 298

Factor {units) Symbol |Value

Volatilization rate constant (min™) Ky 4.12E-07
Volatilzation half-life (days) tvan 1,168
Volatilization rate constant (hr™) k, 2 47E-05
Depth (cm) L 121.92
Mass transfer coefficient in the liguid phase (cm/hr) k| 0.003015814
Henry's law constant (torr/M} H, 2.11E+06
Mass transfer coefficient in the gas phase (cm/hr) ky| 1.073278283
Gas constant (liter-atm-mole -degree™) Rl 0.082056
Absolute Termperature (degrees Kelvin) T 298

Related Equations {From Schwazenbach et. al, Environmental Organic Chemistry)

Liquid phase transfer coefficient (cm/hr)| 0.003016

k=D/d

Diffusion coefficient (D), liquid (cm7/s)| 1.51E-05|for VC

D:Dknown X (MWMWJMWU'NW\)UE

Boundary layer thickness (d), liquid {cm)| . 0.005{for VC

Schwazenbach et. al provides values of 5E-3 to 5E-2 cm

Diffusion coefficient, liquid (cm®/s)] 1.04E-05|for TCE

reported at 1 atm, 25deg C

Molecular weight 131.38|for TCE

Molecular weight 62.5{for VC

Air phase transfer coefficient (cm/hr)| 1.073278

k=D/d

Diffusion coefficient (D), air (cm*/s)| 0.107328|for VC

D=Dyroum X (MWinonr/MWinknown)

Boundary layer thickness {d), air {cm); Q.1]for VC

Schwazenbach et. al provides values of 1 to 0.1 cm

Diffusion coefficient, air {cm‘/s) 0.096|for benzene

reported at 1 aitm, 25deg C

Molecular weight 78.12]for benzene

Molecular weight] ~  62.5]for VC




Table 10

Benzene Volatilization Rate Calculations

Afttenuation Rate Calculations

-1

P RT
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From Moore and Ramamoorthy, Organic Chemicals in Natural Waters, 1984

Conversion Factors

Depth {feet) 4
Depth {cm) 121.92

Henry's Constant (atm-m"/mol)| 0.00548]for benzene
Henry's Constant (torr/M)| 4.16E+03
Temperature (deg C) 25
Temperature (deg K) 298

Factor {(units) Symbol |Value

Volatilization rate constant {min™') Ky 3.650E-07
Volatgl_zation half-life (days) tae 1,305
Volatilization rate constant {(hr™'} k, 2 24E.05
Depth {cm) L 121.92
Mass transfer coefficient in the liquid phase {cm/hr} ki 0.002697512
Henry's law constant (torr/M) H, 4,16E+03
Mass transfer coefficient in the gas phase (cm/hr} kg 0.96
Gas constant (liter-atm-mole -degree ) R 0.082056
Absolute Temperature (degrees Kelvin} T 298

Related Equations {From Schwazenbach et. al, Environmental Organic Chemistry)

Liguid phase transfer coefficient {cm/hr)| 0.0026938 k=D/d
Diffusion coefficient (D), fiquid (cm*/s)| 1.35E-05for benzene  |D=Dioun X (MWiaond MW ricnpua)
Boundary iayer thickness (d), liquid {cm) {.005{for benzene Schwazenbach et. al provides values of 5E-3 to 5E-2 cm
Diffusion coefficient, liquid (cmzls) 1.04E-05|for TCE reported at 1 atm, 25deg C
Molecular weight|  131.38}for TCE
Molecular weight 78.12ifor benzene
Air phase transfer coefficient (cm/hr) 0.96 k=D/d
Diffusion coefficient (D), air (cm*/s) 0.096]|for benzene reported at 1 atm, 25deg C
Boundary layer thickness (d), air {em)| - 0.1|for benzene Schwazenbach et. al provides values of 1to 0.1 cm
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Ethylbenzene Volatilization Rate Caleulations

Attenuation Rate Calculations

-1
v 1|, BT

IH T gk
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From Moore and Ramamoorthy, Organic Chemicals in Natural Waters, 1984

Conversion Factors

Depth (feet) 4
Dapth (cm)]  121.92

Henry's Constant {atm-m’/mol) 0.00868(for ethylbenzene
Henry's Constant (torr/M){ 6.60E+03
Temperature {deg C) 25
Temperature (deg K) 298

Factor (units) Symbol |Value

Volatilization rate constant {(min '} - - - k, 3.16E-07
Volatilzation half-life (days) tan 1,522
Volatilization rate constant (hr™') K, 1.20E-05
Depth (cm}) L 121.92
Mass transfer coefficient in the liuid phase (cm/hr) k| 0.002313895
Henry's law constant (torr/M) H. 6.60E+03
Mass transfer coefficient in the gas phase (cm/hr) kg| 0.823476939
Gas constant (liter-atm-mole”-degree™) R 0.082056
Absolute Temperature (degrees Kelvin) T 298

Related Equations {From Schwazenbach et. al, Environmental Organic Chemistry)

Liquid phase transfer coefficient (cm/hr)| 0.002314 k=D/d
Diffusion coefficient (D), fiquid (cm’/s)] 1.16E-05|for ethylbenzane |D=Dynomn X (MWinoudMWergomn) >
Boundary layer thickness {d), liquid (¢m} 0.005|for ethylbenzene |Schwazenbach et. al provides values of 5E-3 to 5E-2 ¢m
Diffusion coefficient, liquid (cmzfs_) 1.04E-05|for TCE reported at 1 atm, 25deg C
Molecular weight]  131.39]for TCE
Molecular weight]  108.17|for ethylbenzene
Ajr phase transfer coefficient (cm/hr)| 0.823477 k=D/d
Diffusion coefficient (13). air (cm“/s)| 0.082348(for ethylbenzene |D=Dinoun X (MWinoun™MW rinown)
Boundary layer thickness (d), air {cm) - 0.1]for ethylbenzene |Schwazenbach et. al provides values of 1 to 0.1 cm
Diffusion coefficient, air (crnzfs) 0.096|for benzene reported at 1 atm, 25deg C
Molecular weight 78.12|for benzene
Molecular weight 106.17|for ethylbenzene
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Date: December 11, 2003
To: File
From: Bob Kick, P.G,

Jay Hoskins

Subject; UPRR Ogden Rail Yard - Attachment A
Groundwater Flow and Dischargc Evaluation

This memo is part of a CERCLA alternative cleanup level (“ACL”) demonstration for the UPRR Ogden,
Utah rail yard. The purpose of this discussion is to evaluate the basis for establishing the potential
ultimate discharge of impacted groundwater to surface water from three Areas of Interest (“AOIs”). The
three groundwater plumes include:

¢ A vinyl chloride plume extending approximately from AOI-21 to AOI-26 and referred to as the
“Southern Plume” (Area 2);

¢ A vinyl chloride plume extending approximately from AQI-38 to AQI-35 and referred to as the
“Northern Plume” (Area 1); and

- ¢ A PAH / BTEX plume (AOI-33) present above the area of DNAPL occurrence southeast of the
() 21 Street Pond (Area 1).

CERCLA 121(d) (2) (B) (ii} provides a set of three specific conditions limiting the use of ACLs at
Superfund sites where MCLs would otherwise be applicable or relevant and appropriate. The statute
prohibits use of any process for establishing ACLs for hazardous constituents in ground water (where
there is not a projected entry into surface water) for purposes of an on-site cleanup that assumes a point of
human exposure beyond the boundaries of the facility, except where three specific conditions are met:

“(1) There are known or projected points of entry of such groundwater into surface water; and

(2) on the basis of measurements or projections, there is or will be no statistically significant
increase of such constituents from such groundwater in such surface water at the point of entry
or at any point where there is reason to believe accumulation of constituents may occur
downstream; and

(3) the remedial action includes enforceable measures that will preclude human exposure to
the contaminated groundwater at any point between the facility boundary and all known and
projected points of entry of such groundwater into surface water.”

If the conditions are met, the assumed points of human exposure may be at such known and pl’OjeCled
points of entry. This discussion addresses the first of these three requirements.

. PAUPRR2gdzn (St Louts Files; Ogdun RaidyardiOgden Railyard RIFSIFS 18t DraftiAllematve DevelopmentACLstAttactunent A - Formatted Groundwaler Dishcharge Meny
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The conclusion of this discussion is that significant data exists to demonstrate that the two northern-area
plumes discharge to the 21st Street Pond. The southern plume, if mobile, is also strongly indicated to
discharge to the 21st Street Pond.

PAH / BTEX Plume above DNAPL at 21st Pond.

A groundwater plume impacted by PAHs and BTEX compounds is associated with residual DNAPL
retained on the Alpine Formation adjacent to the southeast edge of the Pond. The groundwater
potentiometric maps for this area (i.., October 2000, January 2001, April 2001, July 2001) show that
groundwater is flowing toward and ultimately discharges to the Pond. Thus the Pond appears to be a
significant sink or point of discharge for shallow impacted groundwater.

As part of the 21st Street Pond RI, a groundwater flow model was developed for this area which was
successfully calibrated to available hydraulic data. The model included the 21st Pond, portions of the
Weber and Ogden Rivers south and north of the Pond, respectively, and numerous wells located south and
east of the Pond. A water budget was established that balanced inflows to the Pond from groundwater
and surface water (from the Ogden River via a man-made conduit) and outflows from the Pond to
groundwater and surface water (to the Ogden River via a man-made outfall). Model output indicates that
groundwater comprises the vast majority of inflows to the Pond (approximately 620 out of 720 gallons
per minute or 86%). Outflows from the Pond via the surface water outfall are estimated 1o comprise 713
out of 720 gallons per minute or 99% of the total discharge from the 21 Street Pond.

Thus the 21st Pond represents a volumetrically significant point of discharge for groundwater and
provides hydraulic capture of groundwater upgradient of the plume.

Northern Area VC Plume

The northern area vinyl chloride plume is located south and east of groundwater impacted by DNAPL and
is subject to the same capture as the PAH / BTEX plume, due to the hydraulic influence of the 21st Street
Pond.

Review of potentiometric surface maps (referenced above) indicates a consistent groundwater flow from
south to north toward the 21st Street Pond over a distance of approximately 3,500 feet. Over this distance
from south to north, water elevations fall from approximately 4,285 to 4,270 feet above mean sea level,
respectively. Water levels are highest in April and lowest in October and January, though the hydraulic
gradients appear to be relatively consistent throughout the year.

Furthermore, the hydraulic gradient in the northern part of Area | (near the 2ist Street Pond) appears to
be more steep (0.007 fi/ft) than in the southern part of Area 1 (0.005 fi/ft). Utilizing Darcy’s Law and
assuming that the hydraulic conductivity and porosity remain constant, a steeper hydraulic gradient
indicates increased groundwater flow velocity. This increased gradient further illustrates that the 21st
Street Pond is a strong hydraulic sink.

Comparison of Weber River and nearby well water-level elevations, as presented in the RI Report,
indicates that the Weber River is generally a losing stream in the area of AOI-34 where monitoring was
conducted. This is consistent with the conceptual model developed by Price (1985) for streams of the
Wasatch Front. The water level in the Ogden River is aiso elevated with regard (o the 21st Street Pond, to
which stream flow is diverted by a man-made culvert. Loosing conditions preclude the discharge of both

2
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northern-area plumes to the Weber and Ogden Rivers and provide head for groundwater discharge to the
21st Street Pond.

These considerations, in conjunction with modeling results discussed above, strongly indicate that the
northern area vinyl chloride plume is discharging to the 21st Street Pond.

Southern Area VC Plume

The southern area vinyl chloride plume is located south of the northern VC plume and approximately
6,000 to 7,500 feet south of the 21st Street Pond. The Weber River is located approximately 800 feet
west of the plume.

Review of potentiometric maps (referenced above) indicates that groundwater flow is toward the north.
Within this Area water level elevations fall from approximately 4300 to 4290 feet (October 2000 and
January 2001), though water levels were approximately 1 to 2 feet higher in April 2001. The hydraulic
gradient averages approximately 0.006 ft/ft and appears to remain relatively constant throughout the year.

The plume is strongly influenced by the Weber River. Based upon data from AOI-34 and the conceptual
mode] for streams of the Wasatch front developed by Price (1985), the Weber River is believed to be a
loosing stream which precludes discharge of the plume to the river. Instead groundwater is flowing
toward the north where it most likely will discharge to the 21st Street Pond. No other prospective
discharge point for this plume, if mobile, has been identified.

Relatively little groundwater elevation data exists between the southern and northern areas due to a lack
of wells. However, existing water level data indicate that consistent heads likely exist between these
areas. Furthermore, there is no reason to believe that these two areas are hydraulically separate. In
particular these areas exhibit similar stratigraphy and hydrogeological characteristics and no
discontinuity, such as a stratigraphic pinch-out or fault, is known to exist. Therefore, it is reasonable to
believed that groundwater from Area 2 will eventually flow to Area 1 and then discharge to the 21st
Street Pond.

Summary

Review of site-specific water-level data, considered in context of regional hydrogeologic conceptual
models and informed by numerical modeling, demonstrates that the two northem-area plumes discharge
to the 21st Street Pond. The southern plume, if mobile, is also strongly indicated to ultimately discharge
to the 21st Street Pond.
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Date: October 30, 2003
To: File
From: Hoyt Sutphin

Subject:  Ogden Railroad Facility
: Institutional Controls

An integral part of the remedial action alternatives being considered for tﬁe Northern Area (OU-31)
involves the incorporation of institutional controls to prevent human exposure to contaminated media.

Each of the alternatives removes or isolates the exposure risk to acceptable levels based on the current site
use. However, dissolved constituents in groundwater will remain at concentrations above drinking water
criteria (the uppermost aquifer at Ogden is classified a potential drinking water aquifer), and institutional
control(s) that prohibit groundwater use on the properties where constituents are present are required to
control the exposure pathway(s).

In the area of the 21s Street pond, these controls will be required on four different categories of property
affected by the subsurface DNAPL contamination

+ Property owned by UPRR (operating rail yard)

¢ Property owned by UDOT (20th and 21* Street overpass embankment areas)

*  Property owned by UDOT (21* Street Park area planned for resumed recreational use)

+  Propesty owned by A-One (auto parts salvage yard)
The mechanism of the institutional controls could include deed notices, deed restrictions, and/or
restnictive covenants. A new section of the Utah Environmental Quality Code (Environmental
Institutional Control Act Utah Code Sections 19-10-101) signed into law in 2003, provides a mechanism

to make and impose upon subject properties institutional controls. Draft versions of an Environmental
Notice and Institutional Control are provided for the four subject properties listed above.



DRAFT
After recording, return to:

A-One, Incorporated
Harlan Taylor

555 West 17" Street
Ogden, Utah 84404

With copy to:

Executive Director

Utah Department of Environmental Quality
168 North 1950 West

P.O. Box 144840

Salt Lake City, UT 84114-4840

Facility No.
Location: Ogden, Utah

ENVIRONMENTAL NOTICE AND INSTITUTIONAL CONTROL

Pursuant to the Utah Environmental Institutional Control Act (Utah Code Sections 19-10-101,
et seq.), Harlan Taylor (“Owner” herein), owner of the property located at 555 West 17" Street,
in the City of Ogden, Weber County, State of Utah (“Property” herein;, more particularly
described on Attachment A which is attached hereto and by this reference made a part hereof)
hereby makes and imposes upon the Property the following described Institutional Control,
subject to the terms and conditions herein stated:

1. Notice is hereby given that the portion of the Property shown in Attachment A is
or may be contaminated with hazardous materials as described below and, therefore,
Institutional control(s) must be imposed to mitigate the risk to the public health, safety
and/or the environment:

A zone of dense non-aqueous phase hydrocarbon liguid (DNAPL) has been
identified below groundwater in subsurface soils at general depths ranging from
17 to 25 feet below ground surface. Following a remedial investigation
conducted by Union Pacific Railroad and overseen by USEPA under CERCLA
protocol, a baseline risk assessment was conducted by the USEPA (Region 8).
The risk assessment concluded that impacted groundwater would pose a
substantial risk from direct ingestion of water and/or inhalation of VOCs
released from water, if it were ever used for drinking or other indoor purposes.
Direct human contact with the DNAPL contamination in subsurface soils may
also present an adverse exposure risk.

The risk is driven mainly by the following contaminants found in the subsurface
sotl and groundwater: benzene, ethylbenzene, benzo(a)pyrene, and naphthalene.

A-One EIC -1-




DRAFT
Attachment A shows the horizontal extent of contamination with respect to the
 parts of the Property subject to the Institutional Control.

Information on related investigation reports, remedial plans, and maintenance
plans may be reviewed at the public document repository for CERCLA-8-99-12,
located at Weber County Environmental Affairs, Weber Center, 2380
Washington Blvd., #359, Ogden, UT 84401

2, Use of the Property as shown on Attachment A is hereby restricted by the
following Institutional Control(s):

Use of groundwater, including the installation of wells for this purpose is
prohibited,

Excavations to depths below 17 feet where soil contaminated with residual
DNAPL hydrocarbons may be encountered must be conducted under an
appropriate Health and Safety Plan that includes provisions for work protection
and appropriate testing and disposal of contaminated soil and groundwater
removed from the excavation.

Use restrictions do not apply to excavation, drilling, or other activities performed
on behalf of UPRR to implement any remediation activities as required by the
USEPA Record of Decision for the site.

3 The above described Institutional Control(s) shall be, operated and maintained in
perpetuity as follows unless terminated or modified as provided in Utah Code Section
19-10-105:

With prior notification and arrangement with the Owner, UPRR (its successors
or contractors) shall be granted access to the area shown in Attachment A to
conduct monitoring, sampling, and other activities related to remediation and
monitoring of the DNAPL zone as required by the USEPA Record of Decision -
for the site.

4, This Institutional Control runs with the land and is binding on all successors in
interest of the Owner unless or until it is removed as provided in Utah Code Section
1910-105.

5. The Executive Director of the Utah Department of Environmental Quality, or
his/her destgnated representative, shall have access to the Property at all reasonable
times to verify that this Institutional Control is being maintained and that the party or
parties in possession of the Property are complying with the Institutional Control.

6. This Institutional Control may be enforced and/or protected as provided In Utah
Code Section 1 9-10-106.

7. Instruments which convey any interest in the Property (fee, leasehold, easement,

A-One EIC Ny



DRAFT
etc.,) shall contain a notification to the person or entity which acquires the Interest that
the Property is subject to this Environmental Notice and Institutional Control and
identify the specific place at which it is recorded.

8. This Institutional Control may only be terminated in accordance, with the
provisions of Utah Code Section 19-10-105 and with the prior written approval of the
Executive Director of the Utah Department of Environmental Quality.

EXECUTED as of the day of ,20

[Owner]

» Executive Director of the Utah Department of
.Elmronmental Quality, or his/her designated representative, hereby approves the foregoing
Institutional Control pursuant to Utah Code Section 19-10-103.

Executive Director,
Utah Department of Environmental Quality

STATE OF UTAH )
) s8.

County of }

On the day of .20 , personally appeared before me
, the owner named in the foregoing I\instrument who duly
acknowledged to me that he executed the same,

Notary Public, residing at:

My Cormmission expires:

STATE OF UTAH )

A-One EIC -3-
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) ss.

County of )

Subscribed and sworn to and acknowledged before me this day of
, 20 , by Executive Director of the Utah Department of Environmenta}
Quality, or his’her designated representative,

Notary Public, residing at:

My Commission expires:

A-One EIC -4~
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DRAFT
After recording, return to:

Utah Department of Transportation
[Name]
4501 South 2700 West

Salt Lake City, Utah 84114

With copy to:

Executive Director

Utah Department of Environmental Quality
168 North 1950 West

P.O. Box 144840

Salt Lake City, UT 84114-4840

Facility No.

Location: Ogden, Utah

ENVIRONMENTAL NOTICE AND INSTITUTIONAL CONTROL

Pursuant to the Utah Environmental Institutional Control Act (Utah Code Sections 19-10-101,
et seq.), Utah Department of Transportation (“Owner” herein), owner of the highway right of
way located at approximately 550 West 21% Street, in the City of Ogden, Weber County,
State of Utah (“Property” herein; more particularly described on Attachment A which is
attached hereto and by this reference made a part hereof) hereby makes and imposes upon the
Property the following described Institutional Control, subject to the terms and conditions

herein stated:

1. Notice is hereby given that the portion of the Property shown in Attachment A is
or may be contaminated with hazardous matetials as described below and, therefore,

Institutional control(s) must be imposed to mitigate the risk to the public health, safety

and/or the environment:

A zone of dense non-agueous phase hydrocarbon liquid (DNAPL) has been
identified below groundwater in subsurface soils at general depths ranging from
11 to 19 feet below ground surface as measured from the base of the overpass
embankments. Following a remedial investigation conducted by Union Pacific
Railroad and overseen by USEPA under CERCLA protocol, a baseline risk
assessment was conducted by the USEPA (Region 8). The risk assessment
concluded that impacted groundwater would pose a substantial risk from direct
ingestion of water and/or inhalation of VOCs released from water, if it were ever
used for drinking or other indoor purposes. Direct human contact with the
DNAPL contamination in subsurface soils may also present an adverse exposure

risk.

UDOT Overpass EIC
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The risk is driven mainly by the following contamipants found in the subsurface
soil and groundwater: benzene, ethylbenzene, benzo(a)pyrene, and naphthalene.
Attachment A shows the horizontal extent of contamination with respect to the
parts of the Property subject to the Institutional Control.

Information on related investigation reports, remedial plans, and maintenance
plans may be reviewed at the public document repository for CERCLA-8-99-12,
located at Weber County Environmental Affairs, Weber Center, 2380
Washington Blvd., #359, Ogden, UT 84401

2. Use of the Property as shown on Attachment A is hereby restricted by the
following Institutional Control(s):

Use of groundwater, including the installation of wells for this purpose is
prohibited.

Excavations to depths below 11 feet (as determined from the ground elevation at
the base of the overpass embankments) where soil contaminated with residual
DNAPL hydrocarbons, or groundwater, may be encountered must be conducted
under an appropriate Health and Safety Plan that includes provisions for work
protection and appropriate testing and disposal of contaminated soil and
groundwater removed from the excavation.

3. The above described Institutional Control(s) shall be, operated and maintained in .
perpetuity as follows unless terminated or modified as provided in Utah Code Section
19-10-105.

- 4, This Institutional Control runs with the land and is binding on all successors in
interest of the Owner unless or until it is removed as provided in Utah Code Section
1910-105.

5. The Executive Director of the Utah Department of Environmental Quality, or
his/her designated representative, shall have access to the Property at all reasonable
times to verify that this Institutional Control is being maintained and that the party or
parties in possession of the Property are complying with the Institutional Control.

6. This Institutional Control may be enforced and/or protected as provided In Utah
Code Section 1 9-10-106.

7. Instruments which convey any interest in the Property (fee, leasehold, easement,
etc.,) shall contain a notification to the person or entity which acquires the Interest that
the Property is subject to this Environmental Notice and Institutional Control and
identify the specific place at which it is recorded.

8. This Institutional Control may only be terminated in accordance, with the
provisions of Utah Code Section 19-10-105 and with the prior written approval of the .
Executive Director of the Utah Department of Environmental Quality.

UDOT Overpass EIC -2-
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EXECUTED as of the day of ,20_

[Owner]

, Executive Director of the Utah Department of
Environmental Quality, or his/her designated representative, hereby approves the foregoing
Institutional Control pursuant to Utah Code Section 19-10-103.

Executive Director,
Utah Department of Environmental Quality

STATE OF UTAH )
) ss.

County of )

On the ___dayof .20 , personally appeared before me
, the owner named in the foregoing I\instrument who duly
acknowledged to me that he executed the same.

Notary Public, residing at:
My Commission expires:
STATE OF UTAH )
) s8.
County of )
Subscribed and sworn to and acknowledged before me this day of
, 20 , by Executive Director of the Utah Department of Environmental

UDOT Overpass EIC -3~
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Quality, or his’her designated representative.

Notary Public, residing at:

My Commission expires:

UDOT Overpass EIC o B
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After recording, return to:

Utah Department of Transportation

[Namel]

4501 South 2700 West
Salt Lake City, Utah 84114

With copy to:

Executive Director

Utah Department of Environmental Quality
168 North 1950 West

P.O. Box 144840

Salt Lake City, UT 84114-4840

Facility No.

Location: Ogden, Utah

ENVIRONMENTAL NOTICE AND INSTITUTIONAL CONTROL

Pursuant to the Utah Environmental Institutional Control Act (Utah Code Sections 19-10-101,
et seq.), Utah Department of Transportation (*“Owner” herein), owner of the property located at
620 West 20" Street, in the City of Ogden, Weber County, State of Utah (“Property” herein;
more particularly described on Attachment A which is attached hereto and by this reference
made a part hereof) hereby makes and imposes upon the Property the following described
Institutional Control, subject to the terms and conditions herein stated:

1

Notice is hereby given that the portion of the Property shown in Attachment A is

or may be contaminated with hazardous materials as described below and, therefore,
Institutional control(s) must be imposed to mitigate the risk to the public health, safety
and/or the environment:

UDOT Park EIC

A zone of dense non-aqueous phase hydrocarbon liquid (DNAPL) has been
identified below groundwater in subsurface soils at general depths ranging from
12 to 25 feet below ground surface. Following a remedial investigation
conducted by Union Pacific Railroad and overseen by USEPA under CERCLA
protocol, a baseline risk assessment was conducted by the USEPA (Region 8).
The risk assessment concluded that impacted groundwater would pose a
substantial risk from direct ingestion of water and/or inhalation of VOCs _
released from water, if it were ever used for drinking or other indoor purposes.
Direct human contact with the DNAPL contamination in subsurface soils and
capped sediments in the SE comer of the 21* Street pond may also present an
adverse exposure risk.

The risk is driven mainly by the following contaminants found in the subsurface

-1-
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2.

soil and groundwater: benzene, ethylbenzene, benzo(a)pyrene, and naphthalene.
Attachment A shows the horizontal extent of contamination with respect to the
parts of the Property subject to the Institutional Control.

Information on related investigation reports, remedial plans, and maintenance
plans may be reviewed at the public document repository for CERCLA-8-99-12,
located at Weber County Environmental Affairs, Weber Center, 2380
Washington Blvd., #359, Ogden, UT 84401

Use of the Property as shown on Attachment A is hereby restricted by the

following Institutional Control(s):

3.

Use of groundwater, including the installation of wells for this purpose is
prohibited over the entire area of the property south of the Ogden River.

Excavations to depths greater than 5 feet below the ground surface are restricted
in the area shown on Attachment 1. Any excavation below 5 feet in this area
must be conducted under an appropriate Health and Safety Plan that includes
provisions for worker protection and appropriate testing and disposal of
contaminated soil and groundwater removed from the excavation. Any such
excavations must not directly or indirectly impact the engineered remedial
controls implemented by UPRR as required by the CERCLA record of decision.

No excavation or alteration of land surface, ground, or pond bank is permitted in
the area of the engineered cap shown in Attachment A.

Use restrictions do not apply to excavation, drilling, or other activities performed
on behalf of UPRR to implement any remediation activities as required by the
USEPA Record of Decision for the site.

The above described Institutional Control(s) shall be, operated and maintained in

perpetuity as follows unless terminated or modified as provided in Utah Code Section
19-10-105:

4.

With prior notification and arrangement with the Owner, UPRR (its successors
or contractors) shall be granted access to the area shown in Attachment A to
conduct monitoring, sampling, maintenance, repair, and other activities related
to remediation and monitoring of the DNAPL zone as required by the USEPA
Record of Decision for the site.

This Institutional Contro! runs with the land and is binding on all successors in

interest of the Owner unless or until it is removed as provided in Utah Code Section
1910-105.

5.

The Executive Director of the Utah Department of Environmental Quality, or

his/her designated representative, shall have access to the Property at all reasonable
times to verify that this Institutional Control is being maintained and that the party or

UDOT Park EIC
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parties in possession of the Property are complying with the Institutional Control.

6. This Institutional Control may be enforced and/or proteoted as provided In Utah
Code Section 1 9-10-106. .

7. Instruments which.convey any interest in the Property (fee, leasehold, easement,
etc.,) shall contain a notification to the person or entity which acquires the Interest that
the Property is subject to this Environmental Notice and Institutional Control and
identify the specific place at which it is recorded.

8. This Institutional Control may only be terminated in accordance, with the
provisions of Utah Code Section 19-10-105 and with the prior written approval of the
Executive Director of the Utah Department of Environmental Quality.

EXECUTED as of the day of , 20

[Owner]

, Executive Director of the Utah Departrnent of

Environmental Quality, or his/her designated representative, hereby approves the foregoing
Institutional Control pursuant to Utah Code Section 19-10-103.

Executive Director,
Utah Department of Environmental Quality

STATE OF UTAH )

) ss.

County of )

On the day of .20 , personally appeared before me
, the owner named in the foregoing Ninstrument who duly
acknowledged to me that he executed the same.

Notary Public, residing at:

UDOT Park EIC -3-
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My Commission expires:

STATE OF UTAH )

) ss.
County of )
Subscribed and swom to and acknowledged before me this day of
, 20 , by Executive Director of the Utah Department of Environmental

Quality, or his/her designated representative.

Notary Public, residing at:

My Commission expires:

UDOT Park EIC -4-
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After recording, return to:

Union Pacific Railroad Company

[Name]

1416 Dodge Street
Omaha, NE 68179

With copy to:

Executive Director

Utah Department of Environmental Quality
168 North 1950 West

P.O. Box 144840

Salt Lake City, UT 84114-4840

Facility No.

Location: Ogden, Utah

ENVIRONMENTAL NOTICE AND INSTITUTIONAL CONTROL

Pursuant to the Utah Environmental Institutional Control Act (Utah Code Sections 19-10-101,
et seq.), Union Pacific Railroad (“Owner” herein), owner of the Ogden Railroad Facility with
an office located at 3311 Pacific Avenue, in the City of Ogden, Weber County, State of
Utah (“Property” herein; more particularly described on Attachment A which is attached hereto
and by this reference made a part hereof) hereby makes and imposes upon the Property the
following described Institutional Control, subject to the terms and conditions herein stated:

1.

Notice is hereby given that the portion of the Property shown in Attachment A is

or may be contaminated with hazardous materials as described below and, therefore,
Institutional control(s) must be imposed to mitigate the risk to the public health, safety
and/or the environment:

UPRR EIC

A zone of dense non-aqueous phase hydrocarbon liquid (DNAPL) has been
identified below groundwater in subsurface soils at general depths ranging from
13 to 22 feet below ground surface. During the remedial investigation, a
baseline risk assessment was conducted by USEPA (Region 8). The risk
assessment concluded that impacted groundwater would pose a substantial risk
from direct ingestion of water and/or inhalation of VOCs released from water, if
it were ever used for drinking or other indoor purposes. Direct human contact
with the DNAPL contamination in subsurface soils may also present an adverse
exposure risk.

The risk is driven mainly by the following contaminants found in the subsurface

soil and groundwater: benzene, ethylbenzene, benzo(a)pyrene, and naphthalene.
Attachment A shows the horizontal extent of contamination with respect to the

-1-
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parts of the Property subject to the Institutional Control.

Information on refated investigation reports, remedial plans, and maintenance
plans may be reviewed at the public document repository for CERCLA-8-99-12,
located at Weber County Environmental Affairs, Weber Center, 2380
Washington Blvd., #359, Ogden, UT 84401

2. Use of the Property as shown on Attachment A is hereby restricted by the
following Institutional Control(s):

Use of groundwater for residential or industrial purposes, including the
installation of wells for this purpose is prohibited.

Excavations to depths below 13 feet where soil contaminated with residual
DNAPL hydrocarbons may be encountered must be conducted under an
appropriate Health and Safety Plan that includes provisions for work protection
and appropriate disposal of contaminated soil and groundwater removed from
the excavation. '

Use restrictions do not apply to excavation, drilling, or other activities performed
on behalf of UPRR to implement any remediation activities as required by the
USEPA Record of Decision for the site.

3. The above described Institutional Control(s) shall be, operated and maintained in
perpetuity as follows unless terminated or modified as provided in Utah Code Section
19-10-105.

4, This Institutional Control runs with the land and is binding on al! successors in
interest of the Owner unless or until it is removed as provided in Utah Code Section
1910-105.

5. The Executive Director of the Utah Department of Environmental Quality, or
his/her designated representative, shall have access to the Property at all reasonable
times to verify that this Institutional Control is being maintained and that the party or
parties in possession of the Property are complying with the Institutional Control.

6. This Institutional Control may be enforced and/or protected as provided In Utah
Code Section 1 9-10-106.

7. Instruments which convey any interest in the Property (fee, leasehold, easement,
etc.,) shall contain a notification to the person or entity which acquires the Interest that
the Property is subject to this Environmental Notice and Institutional Control and
identify the specific place at which it is recorded.

8. This Institutional Control may only be terminated in accordance, with the
provisions of Utah Code Section 19-10-105 and with the prior written approval of the
Executive Director of the Utah Department of Environmental Quality.

UPRR EIC . -2-
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EXECUTED asofthe __day of ,20

[Owner]

, Executive Director of the Utah Department of
- Environmental Quality, or his/her designated representative, hereby approves the foregoing
Institutional Control pursuant to Utah Code Section 19-10-103.

Executive Director,
Utah Department of Environmental Quality

STATE OF UTAH )
) ss.

County of )

On the day of .20 , personally appeared before me
, the owner named in the foregoing Ninstrument who duly
acknowledged to me that he executed the same.

Notary Public, residing at:

My Commission expires:
STATE OF UTAH )
) ss.
County of )}
Subscribed and swom to and acknowledged before me this day of
, 20 , by Executive Director of the Utah Department of Environmental

UPRR EIC -3-
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Quality, or his/her designated representative.

Notary Public, residing at:

My Commission expires:

UPRR EIC -4-



M clients \FORREST\ Dgden’\pintehgos\EIC—UPRR.dwg plotted: 10/28/2003

4870.3
x

x 42781

x 4270.3

21st Street Pond

x 42702

| 5] Q

\

) x 1287.7
x429&3
ﬂ TN~ m Q ~
LEGEND
—— = BOUNDARY OF PROPERTY OWNEDBY UPRR ‘
= ZONE OF CONTAMINATION §
PORTION OF PROPERTY UNDER INSTITUTIONAL CONTROL FOR EXCAVATION g
|
Q 200 400
FEET

42813
x

A-ONE

x4291.5

A —
17 UDoF
x 4286.7 O
\Y
v &3
x N\
N
N /
O\
AN

x 42873

gy DATE
M mav |1or2ai0s
ml
i)
T
mw;_

| THE FORRESTER GROUP

INSIGHTFUL ENVIRONMENTAL SOLUTIONS™

UPRR RAILYARD - OGDEN, UTAH

ATTACHMENT A
EIC UPRR

SCALE:

i NOL:
"=300" ElC-UPRR.dwg




APPENDIX H
DETAILED COST ESTIMATES



UPRR Qgden, Utah Yard
September 2004
Comparison of Costs

Alternative Total Cost  Time

Alternative 1: No Action - 0
Alternative 2: Monitoring w/ Existing IC 500,000 0+30
Alternative 3: Contain Pond Sediments & DNAPL Recovery 1,607,000 1+3+30
Alternative 4: Excavate Pond Soils & Intensive DNAPL Recovery 50,430,000 2+6
Alternative 5: Excavate Pond Sediments and DNAPL Recovery 2,317,000 2+30

PENT T Y

Northern Area Alternative Comparison & Cost Estimates 031205, Comparison
9/24/2004, 1:41 PM
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1 | Cost Estimate- Alternative 2

2 JUPRR Ogden Rall Yard FS

3 | September 2004

4 jAlernative 2, DNAPL Monitoring

5

6 |item_ Basis Quantity | Unit Unit Price Ext Amount
7_|Annual Monltoring, Years 1-3

8 |Work Planning Workplans, Logistics, Mobilizalton 1 ea | $ 690000 % 6,900
9 |Semiannual Field Sampling 2 avents, 3 days per avent, 2 field staff 1 ea | $§ 1320000 § 13,200
10 |Laboratory Analysis 14 wells VOCs per avent, 14 wells PAHs per event 1 ea |$ 10,400.00 | $ 10,400
11 JAnnual Reporling 1 ea | $ 1020000 | % 10,200
12 Subtotal $ 40,700
13 [Unscoped items Allow 10 percent 10| PCT] & 40,700 | § 4,100
14 |Contract cost 3 44,800
15 |Contingency Allow 15 percent 15 |PCT|$ 44800 3 6,700
16 Taotal $ 514,500
17 Prosent Value | $ 211,160
18 |Annual Monltoring, Years 6-30

19 |Work Planning_ Workplan, Health & Safety Plan, Mobllizaiton 1 ea |$ 350000, % 3,500
20 {Annyal Field Sampling 1 event, 3 days per event, 2 field staff 1 ea | $3 6,60000: % 6,600
21 [Laboratory Analysis 15 wells VOCs per event, 15 wells PAHs per event 1 ea |§ 520000 % 5,200
22 JAnnual Reporting Assumed 0.5 * year 1-5 annual repori 1 ea |$ 510000 $ 5,100

123 Subtotal $ 20,400

24 |Unscoped items Allow 10 percent 10| PCT | % 204001 $ 2,000
25 |[Contract cost ] 22,400
26 |Conlingency Allow 15 percent 1S, PCT|($ 224001 $ 3,400
27 Total $ 25,800
28 Present Valus | $ 214,368
29 |5 Year Periodic Costs -

30 |Five Year Review Report Assumed 2.5 * year 1-5 annual repor 1] ea |§ 25500001 % 25,500
31 Subtotal $ 25,500
32 |Unscoped items Allow 10 percent 10|PCT| $ 25500 ( 8 2,600
33 |Contract cost 3 28,100
34 |Contingency Allow 15 percent 15| PCT| $ 28100 | § 4,200
35 Total $ 32,300
36 Present Value | $ 69,697
37 |10 Year Perlodic Costs

38 [Monitoring Well Drilling Assume 2 wells per 10 years 2| ea |§ 300000(8% 6,000
39 [Oversight & reporting Installation oversight, well logs 1] o2 |8 2300.00 | ¢ 2,300
40 Sublotal 3 8,300
41 JUnscoped items Allow 10 percent 10| PCT| & 8300 $ 80D
42 |Contract cost $ 9,100
43 | Contingency Allow 15 percent 15| PCT 3 9,100 $ 1,400
44 Total $ 10,500
75 Present Value | $ 9,430
48 |
47 Present Value at 7% over 30 years| $ 504,656
48 Totat Rounded to the nearest $10,0001 § 500,000

Morthern Area Allemative Comparison & Cost Estimates 031205Alt 2 - MNA

9124.1:13 PM




r I .

A B [ D E F

1 | Cost Estimate- Alternative 3 T

2 |UPRR Ogden, Utah Yard

3 | September 2004

4 |Alternative 3 - Containment

5

B

7_|item Basls Quantity|  Unit Unit Prica Ext Amount
8 |Coffer Dam 350 fi long, 5 it average height, 4:1 slopes, & key trench 1,750 Sk $ 18601 % 32 550

| 9 |0il Contral Boom Boom on downstream side of coffer dam 5| DAY |4 500.00 | § 2,500

10 |Dewatering of Pond Dewatering, pumping 8 hr, 8 hrs attended, 6 centrifugal pump 4| DAY $ 760.00.; 4 3,040
11 |Dewatering During Construction Dewatering, pumping 8 hr, 8 hrs attended, 4" diaphragm pump 28| DAY % 610.00 | 17,080
12 |Water Treatment During Construction

13 | Baker Tanks Assume two 23,000-gallon Baker Tanks, for rental 76 DAY |$ 9500 [ % 7.220
14 | Polymer Use polymer to assist in particle seltfing 1 LS $ 2,000.00 | $ 2,000
15 | Sediment Removal Chemicals and Labor lo remove sediments from baker tanks 1 LS $ 5,000.00 | ¢ 5,000
16 | Bag Filter 1 Bag Filter, Bamaby-Seteliff BF 300, rentaf 25 MO b 25000 | % 625
17 | Bags Assume new bag each day 76 EA $ 1000 | § 760
18 | Carbon Filter 2 Singte Vessel Carbon Filters Model LS360, rental 25 MO $ 278000/ § 6.950
19 ] Carbon Carbon for Carbon Vessels 10,000 LB $ 100 | % 10,000
20 | Carbon Filter Disposal Disposal of carbon filter after construction 10,000 LB $ 010§ 1,000
21 | Freight Caost from Ireighting equipment from and back to NV 2 LS $ 250000 | $ 5,000
25 |Excavation of DNAPL Trench Material will be blended into area to be covered 248| CCYy |$ 456 | $ 1,130
26 |Drain Trench Bormow, crsh slone, 3747, Id at pit,haul 2 mi RT&sprd w/200 HP dozer 248| CCY 3 2000 | 8 5,940
27 |Trench Pipe Piping. not including excavation of backfill, ¢class 160, 6° diameter 297 LF 3 965|8% 2,866
28 |DNAPL Sumps CB or manholes, conc, precast, 4' 1D, ¢’ deep 1 EA ] 1,500.00 | $ 1,500
29 [DNAPL Pumps Assume pneumatic or anchor pump_ 0 EA |8 5,000.00 | § -
30 [DNAPL Pump Controls Assume pump operates on timer 0 LS b 2,000.00 | § -
31 |DNAPL Piping 2" carbon stes! pipe, sch 40, welded, buried 36 inches 0 LF $ 1527 | § -
32 {DNAPL Storage Tank Tanks,st,double wall,abv gmd, w/sprts, mway.fings.no mat.ps,piping,2000gal 0 EA 3 557500 | $ -
33 |Monitoring Wells 2-in dia., 20' deep, 10 screen, 0.1 slol 2 EA 3 30000018 - 6,000
34 |Bacifin__
35 |Layer 1 Borrow, crsh stone, 3/47, Id at pit,haul 2 mi RT&sprd w200 HP dozer 1,280] CCY $ 2418 30,724
36 | Layer 2 Barrow, crsh stong, 3/4°, i at piLhaul 2 mi RT&sprd w/200 HP dozer 2,770 CCY $ 2415 66,482
37 |Layer 3 Borrow, crsh stone, 3/4°, Id at pilhaul 2 mi RT&sprd w/200 HP dozer 1,602) CCY $ 24| % 38,440
38 |Layer 4 Bomow, buy&Id at pit, haul 2 mi RT&sprd w/200 HP dozer, topsoil, weed free 1,602) CCY 3 15/ % 24,270
39 |Electrical Transformer Power supply to construction site 1 LS $ 10,000.00 | § 10,000
40 [Landscaping Seeding, hydro or air seeding for |y areas, inclt seed and fertilizer 4,555 8Y 3 0.32 | % 1,458
41 [Subtotal $ 282,535
42 |Unscoped items Allow 10 percent 10, PCT | &% 202,535 | § 28,300
43 |Subtotal $ 310,835
44 |General Requirements (Mob, bonds, insur}  |Allow 10 percent 10 PCT $ 310,835 | $ 31,100

| 45 |Contract cost 3 341,935

46 |Contingency Allow ne contingency ol PCT |$ 341935 |8 -
47 |Construction Cost 3 341,935
48 |Design Allow 10 percent 10| PCT 5 341935 | % 34,200
49 |Permitting Allow 10 percent 101 PCT 5 341935 | § 34,200
50 ]Construction Oversight Aliow 10 percent 101 PCT $ 341,935 | $ 34,200
51 {Total $ 444,535
52 {Total Rounded to the nearest $10,000 $ 440,000

Northern Area Alternative Comparison & Cost Estimates 031205 At 3« CIP
B24/2004 1:117 PM
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1 | Cost Estimate- Alternative 3

2 _[UPRR Ogden, Utah Yard

3 | September 2004

4 |Alternative 3 - DNAPL Recovery

5

6

7 litem Basis Quantity]  Unit Unit Price Ext Amount
8 [Recovery weall installation Completion of 3 additional recovery wells 3 EA $ 6,00000 | % 18,000
9 [Injection well installation Completion of 3 additional injection wells 3 EA $ 6,000.00 | $ 18,000
10 [Observation well installation Completion of 9 additional observation wells 9 EA $ 1,111.111% 10,000
11 '

12 [Subtotal $ 46.000
13 jUnscoped items Allow 10 percent 0] PCT | $ 46,000 | $ 4,600
14 |Contract cost $ 50,600
15 |Contingency Allow 10 percent 10/ PCT |$ 50600 | % 5,100
16 |Total $ 55,700
17 |Total Rounded to the nearest $10,000 $ 60,000

Norhern Area Altemmative Comparison & Cost Estimates 031205 AlL3 - DNAPL Rec
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1 | Cost Estimate- Alternative 3
2 _|UPRR Ogden, Utah Yard
3 | September 2004
4 {Alt 3 - Operation and Maintenance Costs
5
8 |ltem Basis Quantity | Unit Unit Price| Ext Amount
7 {Years 1 to 30 of MNA Total Present Worth
8 |MNA Monitoring Estimated Total Present Worth 1 |LS $ 500,000 | $ 500,000
9 |Years 1 to 3 of DNAPL Recovery Present Worth
10 |System up-grade, modifications, and maintenance Over 3 year period 1 LS 18 150,000.00(% 150,000
11 |System operation and monitoring Qver 3 year period 1 LS |$ 30000000 (% 300,000
12 |Subtotal $ 450,000
13
14 | Years 1 to 30 of Operation
15 [Monitoring of DNAPL Sumps 4 hrs per week 208|HR |§ 61§ 12,688
21 TOTAL $ 12,688
22
23
24 Present Value at 7% over 30 years $1,107,000
25
26 |Assumptions:
27 |The level of effort to complete monitoring is consistent over time for 30 years.

Northern Area Alterative Comparison & Cost Estimates 03120541t 3 Q&M
9/24/20041:44 PM




| 66 | Totated to the nearost $10,000
North ARemative Comparisan & Cost Eat
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1 [UPRR Ggden, Utzh Yard
2 | September 2004
3 |Alternative 4 - Sediment Excavation In Pond
4
5
£ litern —_ |Basis Quantity! Unit Unit Price Ext Amgunt
| 10 [Excavation of Clean FIl BEAEEE—
11 | Excavation Borrow lopsoil from site and haul to on-site stockpile 2,484 CCY 3 4.56 11,339
2 [Coffer Damn 350 # long, 5 ft averape height, 4:1 slopes, & key trench 1.750| SF 3 18.60 32,550
13 |OH Control Boom Boorn on downsiream side of coffer dam 5 DAY 500.00 | 2,500
4 |Dewatering of Pond Dewatering, pumplng 8 hr, 8 hrs atlended, 6” centrifugal pump 0| DAY 760.00 | § -
5 | Dewatering During Construction Dewatering, pumping 8 kv, 8 hrs attended, 4" diaphragm pump 0| DAY $10.00 | 3 -
16 |Water Treatment During Constructi
17 { Baker Tanks Assume two 21,000-gallon Baker Tanks, for rental 90] DAY | 9500 | % 8,550
8 | Polymer Use polymer to assist |n parlicle settling 1 1S 2,000.00 | { 2.000
19 | Sedimant Removal Chernicalg and Labor ta remove sediments from baker 1anks 1 LS 4 5,000.60 5,000
20 | Bag Fitter 1 Filter, Bamaby-Seteliff BF 300, rentat a MO E 25000 | & 750
21 |Bags |Assume new bag each day 90; EA | $ 1000 | 3 900
22 | Carbon Filter 2 Single Vessel Carbon Filters Mode! LS360, rental A MO $ 2,760.00 8,340
23 | Carbon Carbon for Carbon Vessels 10,000 LB E 1.00 10,000
24 | Carbon Filter Disposal Disposal of carbon fiker afler construction 10,000 LB 0.10 1,000
25 | Freight Cost from frelghting equipment from and back to NV 2] L8 3 2,500.00 | § 5,000
26 |Ex¢ of Trench bebind Barrier Wall Assume disposed of as contaminated sedimnents 452| CCY 18.60 | 4 8,413
[ 27 |Excavation of DNAFL Impacted Pond Materlals Area of pond inside coffer dam assumed to be contaminated, 2.9 deep 2.964]  CCY 16,60 55,139
| 28 | Stabilization Materlal Portland Cement 164 TON |4 91.20 | § 14,951
29 | Stabilization of DNAPL Impacted Matarials Mix Sediments and Trench Soil with Portland Cement in Pand 3417 CCY 76918 26,283
30 |Hauling Stabilized Trench Materlals Load, haul bank run soll 2 mi. using front-end loader, load malerial and dump on to rail ¢ 2964| CCY 644 | % 19,091
31 [Hauling Stablllzed Pond Materlals Load, haul bank mur soil 2 mi, using front-end koader, Yoad material and dump on to rail ¢ 452 CCY 544 | $ 2913
32 |Landfill Disposal of Stabllized Pond Materials Sediments disposed of in UPRR car to ECOC Environ. LF In East Carbon, UT 3.282] TON 18.25 | 8 53.890
33 ILandfill Disposal of Stabilized Trench Materlals Sediments disposed of in UPRR car to ECDC Enviran. LF in East Carbon, UT 751 TON 18.25 13.708
34 [Hauling of Stabllzed Materials Haullng of Stabilized Pond and Trench Materials in raflcars 4033 TON_ | § 9.14 | 36,859
35 |Soll Analytical Analysis TRPH, VOA, SVOA, TCLP Melals, BTEXN, TOX 2] LS $ §55.00 | 4 1,710
36 |Backfill of DNAPL Seeps Bormow, buylid at pit, haul 2 mi RT&sprd w/200 HP dozer. topsoil, weed free 300 CCy |% 15151 % 4,545
37 [Restoration of Bank .
38 | Restoration of Pond Bank-Cobbles Borrow, crsh stone, 3/4", Id al pit,haut 2 mi RT&sprd w/200 HP dozer 1,043 CCY |9 24.00 | § 25,034
38 | Restoration of Pond Bank-Gravel Borrow, crsh stone, 3/4%, Id at pit,hawl 2 mi RT&sprd w/200 HP dozer 489] CCY 24.00 | § 11,733
40 | Backfill of Clean Stock-Piled Topsoll Borrow from on-shie stockplle and haul back to'site 2484 CCY 4.56 11,33¢
41 | Restoration of Pond Bank-Top Soil Borrow, buy&id at pit, haul 2 ml RT&sprd wi200 HP dozer, topscil, weed free-clean fill M3 CCY 15.15 6,256
42 | Compaciion of Bank Overburden Compact soll 2897 cCCY |$ 0.91 2,636
44 |Trench Pipe 'l_?lplng, not including excavation or backfil, class 160, 6" diameter 440 LF 9.65 4,246
45 [Trench Backfill Borrow, crsh stone, 3/4", i at pit.haul 2 mi RT&sprd w/200 HP dozer 452  CCY 24.00 10,856
46 |[DNAPL Sumps CB or manholes, cone, precast, 4' D, §' deep 2| EA |$ _1,500.00 1 § 3,000
47 |DNAPL Pumps Assume pneumatic or "ANCHOR" purnp 0 EA ] 5.000.00 | 4 -
48 [DNAPL Pump Controls Assums pump operates on timer 0 LS 2,000.00 | 1 -
49 |DNAPL Plping 2" carbon steel pips, sch 40, welded, buried 36 inches 1] LF 1527 | % -
50 |DNAPL. Storage Tank Tanks,st,double wall,abv grnd,w/sprts,mway.fings,no mat,ps.plping,2000gal 0 EA 5.575.00 -
51 |Monltoring Wells 2-in dia., 20' deep, 10" screen, 0.1 slot 3 EA [ 3,00000]% 9.00¢
52 |Coffer Dam Ramoval Excavation 867 CCY | §$ 50013 4,333
53 |Elecirical Power Linas and Transformer Power supply to construction site 1 LS 3 10,000.00 10.009
54 JLandscaping Seeding, hydro or air seeding for Ig_araas, incl seed and fertilizer 1,347 SY $ 03213% 431
55 | Sublotal $ 430,202
56 |Unscoped items Allow 10 percent 16 PCT (% 430,292 { 4 43,000
57 |Subtotal 3 473,292
58 |Generat Requirements {Mob, bonds, insur) Allow 10 percent 10 PCT | § 473,292 47300
509 |Contract cost 4 520,592
60 {Contingency Allow no contingency - PCT 1% 520,592 | § .
61 |Construction Cost 4 520,592
62 |Design Allow 10 percent 10! PCT |5 520,592 | § 52.100
3 | Permitting Allow 10 percent 10 PCT ] 520,592 | § £2,100
64 |Construction Qversight Allow 10 parcent 10 PCT 3 520592 | § 52100
§5 | Total 4 676,852
88 ££0,000

Q2472004 1:48 PM

031205 Alt 4 - Excavation




.

A B c D E F

1 |UPRR QOgden, Utah Yard

2 | September 2004

3 |Alternative 4 - DUS/HPO

4

5

6 |ltem Basis Quantity!  Unit Unit Price Ext Amount
7 |Utility connections Based on preliminary cost information 1 LS $ 52,400.00 | § 52,400
8 {Drilling and well installation Based on preliminary cost information t LS $ 3,069,050.00 | § 3,069,050
9 {Well-head completion and instrumentation Based on preliminary cost information 1 LS $ 2,990,000.00 | $ 2,990,000
10 |Fabrication and mobilization of process equipment  |Based on preliminary cost information 1 LS $ 4,733,500.00 | $ 4,733,500
11 {On-site well field piping and construction Based on preliminary cost information 1 LS $ 2,343,200.00 | $ 2,343,200
12 |Steam and water softening system installation Based on preliminary cost information 1 LS $ 115,650.00 t § 115,650
13 |Effluent treatment system installation Based on preliminary cost information 1 LS $ 292,500.00 | 3 292,500
14 |Demobitization and waste disposal Based on preliminary cost information 1 LS $ 2,218,950.00 | § 2,218,950
15 |Reporting Based on preliminary cost information 1 LS $ 22,576.00 ; % 22,576
16 |System operation Based on preliminary cost information 1 LS $ 18,760,950.00 | § 18,760,950
17

18 |Subtotal $ 34,598,776
19 |Unscoped items Allow 10 percent 10 PCT | $ 34,598,776 | $ 3,459,900
20 jSubtotal $ 38,058,676
21 |General Requirements (Mob, bonds, insur} Based on preliminary cost information 1 LS $ 78480 | $ 78,480
22 |Contract cost $ 38,137,156
23 |Contingency Allow 30 percent 30 PCT_|$ 38,137,156 [ $ 11,441,100
24 |Construction Cost $ 49 578,256
25 |Design and Construction Oversight Based on preliminary cost information 1 LS $ 89,999 | § 89,999
26 |General Requirements {(Mob, bonds, insur) Based on preliminary cost information 1 LS $ 78480 [ § 78,480
27 |Total 3 49,746,735
28 |Total Rounded to the nearest $10,000 $ 49,750,000

Norhemn Area Altemalive Comparison & Cost Estimates 031205 ARt 4-DUS
9/24/2004 1:48 PM




B C 5 E F
£
g ftem Basly Qumtlg UniL Unk Price Ext Amount|
Excavation of Clean It —
1 Barrier Wal 28.00 184,968
SW Bamer Wall Wing Ends 26.00 27,300
13 NE Barrier Wall Wing Ends 26.00 55,170
| 14 | Excavation Borow topsoll from site and haul 1o on-gite stockpile 4.56 11,339 |
|15 [Coffer Dam 350 # lorg, 5t averane height, 4:3 slopes, & key rench ?50| SF 18.60 32,950
15 oIl Control Boom |Boom on dawnstream side of colfer dam 5| DAY 500.00 500 |
17 |Dewatering of Pond Cawatering, pumping 8 hr, 8 hrs altended, £° cantrifugal pump 4] DAY 760.00 3,040
1B |Dawatoring During Construction Clawateri T 8 hr, B hrs attended, 4" diaphragm pum) 421 DAY £10.00 25,620
19 [Watar T During Construction
0 | Baker Tanks Assume two 21,000-gallon Baker Tanks for rental 9_0f DAY 95.00 550
21 | Potymer Lse polymer to ansislin particls setifng 1 LS 2,000.00 000 |
22 | Sedwneat Removal Chemicals and Labor to remove sediments from bakar 1anks i LS 5,006.00 ALY
3 |Bag Fiter L B_Ea.w__.__&ﬂ.ﬁ.?_wﬂ.ﬂg MO 250.00 750
24| Bags Assume niw bag sach day 9] A 10.00 500 |
5 | Carbon Fiter 2 Single Vessel Carban Fillers Modal 15360, rental 3| Mo 2,780.00 340 |
26 |Carbon Carbon for Carbon Vessels 10,000 LE 1.00 10,000 |
2% ICarnon Fliter Dispogal Dﬁsw of carbon fter after construciion 10,000] LE .10 D00
£ | Freight I i) from and back 1o MY 2l 15 2,500.00 000
29 JExcavation of Tranch behind Barrar Wall M dispted af as contaminated sediments, 462] CCY 16.60 A13
0 JExcavation of DNAPL Impucied Pond Materisis Area of pond Inside coffer dam essumed lo be contaminated, 2.9 deep 2964] CCY 18.60 55,138
31 |Seabllization Material Porttand Ceme 164] TON 91.20 14,951 |
37 [ Stabiltzation of ONAPL (mpacted Materinta Mix Sediments and Trench Soll with Portfand Cemant in Pond 41} cCy 759 25,283
33 |Hauling Stabilized Trench Matertals Laad, haul bank run acil 2 mi, using fgnt-end toader, load matedal and gump on to rail ¢f 2 CCY, A 19,051 |
4 [Hauling Stabliized Pond Matertals 4521 ceY a4 2913
5 edments disposed of In UPRR car to ECDC Environ. LF ln East Carbon, UT 3,282 TON 1825 58,850
6 JLandfll Olspaasl of Stabllized Trench Matertaly Sediments disposed of In UPRR cor to ECDC Evviren. LF In East Carben, UT % TON 1825 13,708
7 [Hauling of Stablized Materinls Hauling of Stablilzed Pond ard Trench Matertals in ralica 4,03 TOM 934 35,650
Soll Analytical Anatysls TRPH, VO& SVOA, TCLP Meials, BTEXN, TOX 2 LS 855, 1710
3 [Backilil of ONAPL Sesps 300 CCY 1515 4,545
40 |Restoration of Bank
4 Resioraﬂun of Pond Bank-Cobbles 1043 CCY 24.00 25,031
37 | Ragtoration of Pond Bank-Gravel 489 CCY ¢ 24.00 1,733
23 Badtﬁl of Clean Stock-Filed Topsth 2 CCY 4.58 11,239 |
44 | Restoration of Pand Bank.Top $oil a3ty 1515 256 |
45 | Compaciion of Bank Overburden pect sol 2897 CCY 0.61 63
147 |Tranch Plip fPiping. not including excavation or backill, class 160, 8° dlameler 440 LF 3.6 4248
48 [ Tranch Backfill |Bomow, crsh stone, 74" Id & pithavi 2 mt RTAsprd w/200 HP dozer 452 CCY 24,00 10,856
49 IDNAPL Sumps CB or manhofes, cone, precesi, 410, 6’ deep EA 500.00 3,000 |
50 yONAPL Purnp Assume prigumatic or "ANCHOR" pump EA 3,000.00 .
1 JDNAPL Pu p Controls ASSUME PUMP HPBrALEs o tmer —_ LS 000.00 -
2 JDNAPL P . 2" carbon staed sth 40, weldsd, burlad 36 inches _21 LF 3 15.27 -
DNAP| L.;_. ¢ Tank |Tanks double wak,aby qrnd wis fings.no m. al [} EA 5575 -
54 EMondtoring Wells 2-in dia., 20° deep, 10° screen, {1.1 slat 3] _EA 3,000.00 5,000 |
5 JC offer Doen Removal |Excavation 7l CCY 5.00 4,333 |
[ 56 |Etectrical Fower Lines and Transformer Power supply to construction sile LS 10,000.00 10,0080
57 JL andacaping Sewding, hydro dr alr saeding for I areas, ine! seed and fertikzer 1347] Sy 0.32 431
38 ISubtota V— - 730,990 |
9 JUnscaped ftams Allow 10 percent | PCT |3 T30,9%0 73,100
60 [Subtolst BO4,090 |
61 |Genaral Reguiremeants (Mob, bonds, Insur) Alow 10 percent 10 PCT _|$ 804,090 80,400
62 [Contract cost §84,490
§3 JContingency Allow o contingency - PCT_|$ §64,490 -
64 [Construction Cost 884,480 |
85 |Oesigr Akow 10 percent 10| PG 584,400 88,400
[Parmitting Allow 10 percent 10] PCT 884,430 89,400
% Construction Oversight Alow 10 percent 10 PLY 564, 490G 8&400
6E [Tom _ 1,149,520 |
69 1T70tsl Rounded to the nesrest 510,000 1,150,000

haim Ared Al C fison & Cost Es 01205




A B c D E F
UPRR Qgdan, Utah Yard
2 | September 2004
3 |Altornative 5- DNAPL Recovery
F.
A
[ 'rmm Basis _ Guantity| _ Unit__ Unit Price Ext Amount
T _IRecovary well installation Completion of 3 additional recovery wells 3 EA 6.000.00 18.000
9 [injection well installation Complation of 3 addifional injaction wells ] EA 6,000.00 18,000
2 |Observation well installation Comp of 9 additional observalion wells 9 EA A1 10,000
11
11 |Subtotal - 1 46.000
12 JUnscoped Rems Allgw 10 percent 1] PCT 46,000 4,600
13 [Contract cost 50,600
14 }Contingency Altow 10 percent 10 PCT 50,600 5,100 |
15 | Total 55,700
16 | Total Rounded to the nearest $10,000 - 60,000
Morthem Area Allemative Comparison & Cost Esti 031205

524/2004




1 A B [ D E F
1 JUPRR Qgden, Utah Yard
2 | September 2004
3 JAlt 5 - Operation and Matntenance Costs
r- -
5 item . Basls Quantity | Unit Unit Price} _Ext Amount]
6 | Years 1 to 30 of MNA Total Present Worth
7 _|MNA Monitoring Estimated Total Present Worth 1]LS | $ 500,000 | $ 500,000
8 | Years 1 to 3 of DNAPL Recovery Present Worlh
9 |System up-grade, modifications, and maintenance Over 3 year period 1] LS 150.000.00 | § 150,000
10 | System operation and monitoring Over 3 year period 1] LS | §  300,000.00 300,000
11 | Subtotal 450,000

g

| 13| Years 1 1o 30 of Operation

4 [Monitoring of DNAPL Sumps 4 hws per week 206 [HR _[§ 61]8% 12,688
20 TOTAL [ 12,688
-
e
23 Prasent Value at 7% over 30 yeary  $1,107,000
24

25 JAssumptions:
26 | The level of effort to complete monitoning is consistent over time for 30 years.

Norithem Area Alternative Comparison & Cost Estimales 031205
/2412004



UPRR Ogden, Utah Yard
FS - September 2004
. Comparison of Costs

Alternative Total Cost  Time
Alternative 1: No Action $ - 0
Alternative 2: Monitored Natural Attenuation $ 550,000 0+30
Alternative 3: MNA + Focused Source Removal $ 950,000 1+30
Alternative 4: Aggressive Source Removal w/ MNA (best case) $ 3,310,000 143+2
Alternative 4: Aggressive Source Removal w/ MNA (reasonable worstcase) $ 5,360,000 1+10+30

$

$

$

Alternative 5: Sparging Wall 2,360,000 0+30
Alternative 6: Aggressive Groundwater Treatment (best case) 6,900,000 14342
Alternative 6. Aggressive Groundwater Treatment (reasonable worst case) 11,260,000 1+10+30

Append H Rail Yard Groundwater Cost Estimates, Comparison
9/24/2004, 11:08 AM



North and South Plume Monitored Natural Attenuation
Operation and Maintenance Costs

A g8 C 7] E F
1 | Cost Estimate - Alternative 2
2 JUPRR Ogden Rail Yard F$
| 3 |Sep0d4 .
4 |North and South Flume MNA
-
5.1
6 |itern_ Basis Quantity | Unit | __ Unit Price Ext Amount
7 |Annual Monltoring, Years 1-5
8 _|Work Planning Waorkplans, Logistics, Mobilzalton 1 ea 6,900.00 6,900
9 |Serniannual Field Sampling 2 avents, 4 days per event, 2 fiold staff 1 (] 17400001 § 17,400
0 |Labaratory Analysis 20 wells VOCs per event, 10 wells geochemical every 2 yrs, Qcsamples 1 ea !'$ 1060000 | § 10,600
1 |Annual Reporting 1 ea 10,200.00 1 § 10.200
12 Subtotal § 45,100
13 JUnscoped ltems Allow 10 percent 10| PCT 45100 | % 4,500
14 |Contract cost : b 49,600
15 |Contingency Allow 15 percent 15| PCT| % 49600 | $ 7,400
16 Total 4 57,000
17 Present Value | § 233,711
18 |Annual Monitoring, Years 6-3¢
18 [Work Planning Workplan, Health & Safety Ptan, Mobilizator 1 ea | $ 350000 % 3,500
20 | Annual Field Sampling 1 event, 4 daysfevent, 2 field staff 1 ea |$ 870000 § 8.700
21 JLaboratory Analysis 20 wells VOCs per svent, 10 weils geochemical every 2 yrs, Qesamplas 1 ea |$  5300.00 5,300
22 |Annual Reporting A d 0.5 * year 1-5 annual repart 1 .| ea|$ S100.00 5,100
23 Subtotal 3 22,600
24 |Unscoped items Allow 10 percent W[PCT |3 2600 § 2,300
25 |Contract cost 3 24,900
26 [Conlingency Allow 15 percent 1S[PCT($ 24,900 3,700
27 Total 4 29,600
28 Present Value | § 237,633
| 20 |5 Year Periodic Costs
30 JFive Year Review Report Assurned 2.5 * year 1-5 annual report 1) ®a | $ 2550000 % 25,600
31 Subtotal 5 25,500
32 |Unscoped items Allow 10 percent 10| PCT 25,500 2,600
33 [Contract cost 28,100
34 |Contingency Allow 15 percant 15 (PCI|$ 28100 4,200
5 Total 1 32,300
36 Value | § 69,697
37 110 Year Perlodlc Costs
38 |Monitoring Wall Drilling Assume 2 wells per 10 years 2| ea [$  3.000.00 6,000
39 10versight & reporting Installation oversight, welt logs 1] ea | $§ 230000 2300
40 Subtotal 8,300
41 |Unscoped items Allow 10 percent WIPCT($ 8,300 800
42 {Contract cost 9,103
43 |Contingency Allow 15 percent 151 PCT( $ 9,100 1,400
44 Total 10.500
45 Present Valua 9,430
45 .
a7 Prezent Value at 7% over 30 years| $ 550,472
48 Total Rounded to the nearest $10,000] § 550,000
49 .
50 |

Append H Rail Yard Groundwater Cost EstimatesAlt 2-MNA

9.*24;'1 112 AM .




UPRR C&n Rail Yard

Focused Source Removal Cost Breakdown

A B C D E F

1 | Cost Estimate

2 |UPRR Ogden Rail Yard FS

3 |Final F$ - September 2004

4 |Alternative 3 - Focused Source Removal

5

6 |item Basis Quantity Unit Unit Price Ext Amount
7_|Sewer Sjudge Cleaning and Disposal

8 |Video Survey Conducted after cleaning 1 s [$ 560000 % 5,600
9 |Clean and flush 6" PVC and steel lines Per length of piping 2310 LF $ 8001(% 18,480
10 |Clean and flush 10" VCP lines Per length of piping 2450 LF $ 1000 | § 24,500
11 |Sludge analysis TCLP, 1 sample per 10 CY of sludge 3 EA | & 72500 | % 2,175
12 |Sludge disposal {including rolloff cost) Assumes all sludge (30 CY) is hazardous, 1.3 Tons/CY 39 TN | § 1,00000 | § 39.000
13 |Plugging and sealing For lines remaining in place 1 LS |$ 850000]|% 8.500
14 |Excavation and Removal of VCP Pipe

15 |Excavation down to and below pipe Based on french 2450" x 2' x 6' deep 2,178 CY $ 600§ 13,067
16 |Soil stockpile Segregate clean overburden from "dirty” dirt 2,178 Cy (% 120 [ 2813
17 | Confirmation sampling Assumes 1 sample per 200 CY 5 EA |$ 100.00 | § 500
18 |Disposal and transportation costs Assurnes boltom 4' is disposed non-haz off-site, 1.7 1,887 TN $ 31.00 | & 58,510
19 {Import clean fill Place and compact 1,452 cy i $ 1500 | § 21,778
20
21 |Subtotal $ 194,722
22 |Unscoped items Allow 30 percent 20| PCT | § 194,722 | § 38,900
23 |Subtotal $ 233,622
24 |General Requirements {Mob, bonds, insur) Allow 10 percent 0] PCT [§ 233,622 1 § 23,400
25 |Contract cost % 257,022
26 |Contingency Allow 30 percent 30 PCT | 257022 | § 77,100
27 |Construction Cost $ 334,122
28 |Design Allow 10 percent 10| PCT | & 334122 | ¢ 33,400
29 |Construclion Cversight Allow 10 percent 10| PCT | % 3341221 8 33,400
30 |Total $ 400,922
31 [Total Rounded to the nearest $10,000 $ 400,000

Append H Rail Yard Groundwater Cost EstimatesAlt 3-Sludge disposal
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UPRR Qgden Rail Yard
Present Value Capital and Operation and Maintenance
Costs for Source Area Sparging Systems

Module Scaling Factor

Cost Component Size Cw__ | Total Number 0.6
South Plume Capital 4 Ac $420,000 1.5 $ 535,678
System O&M 1 module | $240,000 1.5 $ 306,102
South Plume Subotal| $ 842,000
North Plume Capital 2 Ac $390,000 6 $ 1,142,761
System Q&M 1 Module | $240,000 6 $ 703,237
North Plume Subtotall $ 1,846,000
Combined Sparging Capital Subtotal] $ 1,680,000
Combined Sparging O&M Subtotal} $ 1,010,000
MNA Sampling and Reporting| $ 220,000
Subtotal Cost] $§ 2,910,000

Notes:

C,=Cy x (Nx)SF, where

C, =System Cost for the Total Number of Modules ($)
C,, = System Cost for One Module ($)

N, =Total Number of Modules

SF = Scaling Factor
System O&M costs are based on a total treatment time of 5 years.

Append H Rail Yard Groundwater Cost EstimatesAlt 4-Source Sparge (3+5 years)

9/2 0411:17 AM .




UPRR Ogden Rail Yard

Narth Plume 2 Acre Air Sparging Module Cost Breakdown

A B c D E F
1 | Cost Estimate - Alternative 4
2 JUPRR Ogdan Rall Yard FS
| 3 |Sep-04
4_|North Plume 2 Acre Source Zone Treatmant System
| 6 [Mem Basks Quantity | Unit Unit Price Ext Amount
Monkiaring, Sampling, Yesting
Pilit Testing To refine design; i LS 10,000.00 | ¢ 10,000
Air MonHoring al Startup Developfexecute plan 1o te/mitigale impacts 1 ] p 100000 | § 1,000
10] System Startup and Testing 1 time cost 1 S5 |[$ 2000000 | 4 20,000
1
12 l1AS Drilng
1 Mobiization/Demobilzation For drilling rg and crew 1 L5 1,.954.00 | § 1,954
14] H Stem, 8° OO Borshole for 2° Well 50 wells at 20° dee) 1,000 LF 17.86 | § 17,860
1 2" Sch. 80 PVC Welt Casing 50 wells at 16°' deep 800 LF 342 2736
16| 2* Sch. 0 PVC Well Screan 50 walls at 2° sach 100 LF 15.35 1,535
1 2" Screen Filer Pack 50 wells at 4' each 200 LF 8.15 1,630
18] 2" Well Bantonile Seal 50 wels 50 EA 29.75 1,488
15] Well Development Equipment and Rental 50 wefls 50 EA 200.00 10,000
L 201 55 gal, Crums for Cuttings and Water \Pariodically disposed of on site 50 EA 3 76.48 3.824
21] 2'hy 2' by 3' Precast Cancrete Vaults iPtar sach well 50 EA 115.80 5,790
2| Fieli Geslogist 50 wells at 3 wells per day 17 DY 600.00 | ¥ 10,290
|1AS Piping
25| 1"HDPE h , Wi solenoid valve for pulsing 1 header pipe 168 fost long, per 50 wells 1 LF 3 750.00 750
26] 1" HDPE branchas, w/ flow conirol vatve and pressure gauge | 1 branch per § walls 10 EA 1.000.00 10,000
27| Clear and Grub for trenching —___|Prepare for trenchi 2 AC 163.35 327
1 281 Chain Trencher {2' deep) Assume 10"2112" desp} rench 28 cY % 191 4
28] Move Trencher around sile Assume 1 move 1 EA 13 330.72 331
13| Pipe Trench Gravel Backfill Assume 10"x12" (deep) trench 128 cY | § 6.00 168
1
2 | SVE Piping
3| 4" Schedule 80 PYC main header 1 header pipe 126 feet long, per 36 wefls 1 EA I3 215.00 215
34| 2* Schedule 80 PVC branches wi flow control valve 1 branch per 5 wells 10 EA_ | 1.000.00 10,000
5] Clear and Grub for renching Prepare for trenching 2 AC |1 163.35 27
| 36) Chain Trencher (&' deep} Assume 5x1’ trench 250 cY 191 479
7} Move Trencher around site A 1 move per 2 acres 1 EA 330.72 m
81 Pipe Trench Gravel Backfill Baged on 250 CY per 2 acres 250 cY 5.00 | ¢ 1,500
1.32] Geotsxtile iner over backfill 2 feal wide x trench length 2,688 SF 0.55 | § 1478
40
41 {Process Equipment
421 Blower Buiding Assumes 1 blower per bullding 1 EA _|$ 1500000 15,000
43| Electrical Hook-Up and 1IC A 1 control panel per builkding 1 EA |3 750000 7,500
A4] Comp d air flow meder One per blower EA | $ 50000 $ 500
45]1 10 hp, 230V Rotary Vane Blower System 125 ¢fim and 12 psi; includes p gaugaes 1 E, b 775000 | § 1,750
46 | 20 hp SVE system, wi fliow meter 250 scfm and 10" Hg vacuum h EA | $  10.785.00 10,785
47 ] Construction Labosr Assumes 5 man crew at 20 days for 10 hwsiday 500 Hours | $ 58.00 29,000
48
33 |Misce: us
50] OVA Rental Assumes OVA 10 be used by Fiald Geologist 3 WwH | $ 300.00 900
[ 51] Decontaminate Equipment Assumes decon only needed after driling afl wells 1 DY b 95.11 95
[52] Eguipment Shipping to Site 1 time cost L5 |[$ 500000 5,000
53] Surveying and Ste Layout Layout well, piping, building locations, etc. 1 LS I 15000018 1,500
54
55 | Subtotat ] 192,096
56 |Unscoped tems Allow 10 pemont 10| PCT | & 192,896 | 4 9300
57 | Subtotal 3 212,196
58 | General Requirements (Mob, bonds, Insur} Allow 10 percent 10| PCT | $ 212,196 | & 21,200
59 jContract cost ] 233,396
€0 |Contingancy Allow 30 p t V| PCT | $ 233,396 | 4 3,000
| 81 |Construction Cost 3 303,396
| 62 |Design Allow 10 percent 10| PCT |9 303,296 30.300
| 63 |Permitting Allow 10 percent 10! PCT |4 302,396 30,300
64 | Construction Oversight Alow 10 percant 10| PCT | § 303,396 30,300
65 |Total ] 394,296
66 [ Total Rounded to the nearest $10,000 3 390,000

Append H Rail Yard Groundwater Cost EstimatesAlt 4-NP Source Module Cap
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UPRR Ogden Rail Yard

South Plume 4-Acre Air Sparging Module Cost Breakdown

A B C D E F

1 | Cost Estimate- Alternative 4

2 |UPRR Ogden Rail Yard F$

3 |Septembar, 2004

4 | South Plume 4 Acre Source Zone Treatment System

5

6 Htom _ Basly Quanti Unit | UnitPrice | Ext Amount
7_|Monitoring, Sampling, Testing

8 | Pilet Testing To refine design; 1 LS | $10,00000 | % 10,000
9 | Air Monitoring af Startup Develop/axecite plan o evahuate/mitigate impacts 1 LS | 100000 § 1.000
10| System Startup and Testing 1 time _cost 1 LS [%$20,00000{ % 20,000
1
12 {IAS Ddlling
13{ Mobilization/Demchilization For drilling rig and crew 1 LS [ $ 195400 % 1,954
14] H Stem, 8" OD Borghole for 27 Wall 50 wells at 20" deep 1,000 LF !'% 17861 % 17,860
15} 2" Sch, 80 PVC Well Casing 50 wells at 16° deep 800 LF |$% 342 | § 2,736
16§ 2 Sch. B0 PVC Well Screen 50 wells al 2 sach 100 LF |9 1535 % 1,535
171 2" Sereen Filier Pack 50 wells al 4' each 200 LF | § 8.15 | § 1,630
18] 2" Well Bentonite Seal 50 wells 50 E $ 2075 % 1,488
19] Well Developmeni Equipment and Rental 50 wells 50 E. $ 20000|% 10,000
20| 55 gal. Drums for Quitings and Water Periodically disposed of on site 50 E. $ 76483 3,824
21] 2'by 2 by 3’ Precast Concrete Vaudts Per each well ] EA |$ 11580 3% 5.790
22| Field Geologist 50 wells al 3 wells per day 17 DY {§ 60000]% 10,200
23 )
24 |IAS Piping
251 1" HDPE headers, w/ solencid valve for pulsing 1 header pipe 240 feet long, per 50 wells 1 EA % 112500 % 1,125
26] 1" HDPE branches, w/ flow conlrol valve and pressurd 1 branch per 5 wells 10 EA |3 150000 % 45,000
27 | Clear and Grub for trenching Prepare for trenching 4 AC |$ 16335 % 553
28| Chain Trencher (1° deep} As 10*x12" {deep} trerch 81 CY | & 191§ 156
28] Move Trencher around site Assume 1 move 1 EA |$ 33072 9 331
30| Pipe Trench Gravel Backfill Assurne 10712 (deep) trench a1 CcYy | 8 6001 % 489
31

2 }SYE Piping
33] 4" Schedule 80 PVC main head 1 header pipe 180 feet long, per 35 wells 1 EA | $ 32250% 323
34| 2" Schedule 80 PVC branches w/ flow contiol vatve 1 branch per 5 wells 10 EA | $ 1.50000]| % 15,0
35] Clear and Grub for trenching Prepare for trenching 4 AC |$ 16335| % 65
36] Chain Trencher (5' deap} Assume 5x1' trench 355 CY | § 1H1|$ 679
371 Move Trencher around site Assume 1 move per 4 acres 1 EA |$ 33072]% 3
38| Pipe Trench Gravel Backdill Based on 355 CY per 4 acres 355 CY |'$ 600 % 2,130
39| Geotextile linsr over backdill 2 feet wide x trench length 3,840 SF | % 0551 % 2,112
40
41 |Process Equipment
| 42| Blower Building Assumes 1 blower per building 1 E. 15,000.00 | § 15,000
43 | _Electrical Hook-Up and 1&C Assumes 1 control panel per building 1 3 750000 | § 7.500
44| Comprassed air low meler QOne per blower 1 E, b 50000 | % 500
45} 10 hp, 230V Rotary Vane Blower System 125 efm and 12 psi; includes pressure gauges 1 E §$ 775000 % 7,750
46 ] 20 hp SVE system, wi flow mater 250 scfm and 10” Hg vacuum . 1 E. $10,78500 | § 10,785
47| Construction Labor Assumes 5 man crew at 20 days for 10 hrs/day 500 Hourz| 3 58001 % 29,000
48
49 |[Miscellaneous
50| OVA Rental Assumes OVA to be used by Field Geologist 3 WK | $ 30000(% Q00
51| Decontaminate Equipment Assumes decon only needed after drilling all wells 1 Dy |§ 195111% 195
§2 | Equipment Shipping 1o Site 1 fima ¢osl 1 LS [$5000001 % 5000
53| Surveying and Sile Layout Layout well, piping, building locations, sic. 1 LS | $1,50000]% 1,500
54
556 | Subtotal 3 205,129
56 fUnscoped items Allow 10 percent 100 PCT | $ 205129 | § 20,500
57 | Subtotal $ 225629
| 58 | General Requirements (Mob, bonds, insur) Aliow 10 percent 10| PCT | § 2256291 % 22,600

59 1Contract cost $ 248229
60 |Contingency Allow 30 percent W|PCT|$ 248229 | % 74,500
51 |Construction Cost b 322,729
62 | Design Allow 10 parcent 10| PCT | § 322729 | $ 32,300
63 jParmitting Allow 10 percent 10 PCT | § 322729| % 32,300
64 | Construction Oversight Allow 10 percent 10| PCT | § 322729 | § 32,300
65 | Total 499,629
66 | Total Rounded to the nearest $10,000 $ 420,000
67
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North and South Plume Source Area Air Sparging
Operation and Maintenance Costs

A B C D E F
1 | Cost Estimate - Alternative 4
2 |UPRR Ogden Rail Yard F$S
3 |September 2004
4 |Modular Source Zone Treatment System O&M Costs
5
6 {ltem Basis Quantity | Unit Unit Price Ext Amount
7 _|3 Years of Operation
8 |Electrical Utilitles
9 | Air Sparging Blower Assumes 1 blower operating full time 65300 | kwh | § Q.06 % 3,918
10| SVE Blower Assumes 1 blower operating full time 130,650 | kwh [ $ 0061$% 7,839
11] Misc. power 2.9. heating and lighting, instrumentation; assumes 10% of sparging and SVEén{ 19,595 | kwh | § 006 | % 1,176
12 |Maintenance
13 ] IAS Blower Replacement Assume yearly blowers replacement costs are 10% of blower capital costs 1] YR {$ 77500 | % 775
14| SVE Blower Replacement Assume yearly blowers replacement costs are 10% of blower capital costs 1 YR |$ 107850:% 1,079
15 |Labor
16| Operator labor Assumes 52 weeks at 1 day per-week 52| Day | § 450.00 | $ 23,400
17| Management oversight and reporting Assumes 2 hrsfweek + 40 hr annual report 144 | hour | $ 100.00 [ $ 14,400
18 Subtotal | $ 52,586
19 |Subtotal
20 |Unscoped items Allow 30 percent DIPCT| 8 52,586 | § 15,800 | .
21 |[Contract cost $ 68,386
22 |Contingency Aliow 35 percent 35| PCT| 3 68,386 | § 23,900
23 Total . | $ 92,286
24 =
25
26 Present Value at 7% over 3 years| § 242,188
27 Total Rounded teo the nearest $10,000( $ 240,000
28
29
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Nerth and South Plume Monitored Natural Attenuation
QOperation and Maintenance Costs

A B C D E F
1 | Cost Estimate - Alternative 4
2 |UPRR Qgden Rail Yard FS
3 |September 2004
4 |North and South Plume MNA, w/ source sparging
3
8 |item Basis Quantity | Unit Unit Price Ext Amount
7 _|Annual Monitoring, Years 1-5
8 |Work Planning Workplans, Logistics, Mobilizaiton 1 ea | $ 690000 % 6.900
9 |Semiannual Field Sampling 2 events, 4 days per event, 2 field staff 1 ea | $ 1740000 | % 17,400
10 |Laboratory Analysis 20 wells VOCs per event, 10 wells geochemical every 2 yrs, Qcsamples 1 éa |$ 9.80000| % 9,800
11 |Annual Reporting 1 ea | $ 1020000 ] $ 10,200
2] Subtotal $ 37,400
13 [Unscoped items Allow 10 percent 10[PCT($ 37400 | § 3,700
14 |Contract cost 3 41,100
15 |Contingency Allow 15 percent 15{PCT|$ 411001 $ 6,200
16 Total $ 47,300
17 Present Value at 7% over 5 years| $ 193,939
18 |5 Year Pertodic Costs
19 |Five Year Review Report Assumed 2.5 * year 1-5 annual repor 1] ea |$ 25500001 % 25,500
20 Subtotal $ 25,500
21 [Unscoped items Ailow 10 percent W[(PCT| § 25,500 | § 2,600
22 |Contract cost $ 28,100
23 |Contingency Allow 15 percent 1S{PCT|$ 28100 % 4,200
24 Total $ 32,300 |
25 Prlssent Value at 7% over § years| § 23,029
26
27 Prasent Value at 7% over 5 years| $ 216,969
28 Total Rounded to the nearest $10,000| $§ 220,000
29
30
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UPRR Ogden Rail Yard

Present Value Capital and Operation and Maintenance
Costs for Source Area Sparging Systems (Reasonble Worst Case)

Alternative 4
Module Scaling Factor
Cost Component Size Cu Total Number 0.6

South Plume Capital 4 Ac $420,000 1.5 3 535,678

System O&M 1 module | $650,000 1.5 $ 829,026

South Plume Subotalf $ 1,365,000

North Plume Caplital 2 Ac $390,000 6 3 1,142,761
System O&M 1 Module | $650,000 6 $ 1,904,601 |

North Plume Subtotal] $ 3,047,000

Combined Sparging Capital Subtotall $ 1,680,000

Combined Sparging O&M Subtotal]l $§ 2,730,000

MNA Sampling and Reporting| $ 550,000

Subtotal Cost] $§ 4,960,000

Notes:

C,=C, x(N. V", where

C . = System Cost for the Total Number of Modules ($)
C,s = System Cost for One Module ($)

N, =Total Number of Modules

SF = Scaling Factor
System O&M costs are based on a total treatment time of 10 years.
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North and South Plume Source Area Air Sparging
Operation and Maintenance Costs (Reasonable Worst Case)

A B C D E F

1 | Cost Estimate - Alternative 4

2 |UPRR Ogden Rail Yard FS

3 |September 2004

4 IModular Source Zone Treatment System O&M Costs

5

6 [item Basis Quantity | Unit | Unit Price [ Ext Amount

7 |5 Years of Operation

8 |Electrical Utilities

2 | Air Sparging Blower Assumes 1 blower operating full time 65300 | kwh | 0063 3,918

10| SVE Blower Assumes 1 blower operating fult time 130,650 | kwh 1 $ 0.06| % 7,839

11| Misc. power e.g. heating and lighting, instrumentation; assumes 10% of sparging and SVE en{ 19,595 | kwh | § 0061 9% 1,176

12 |Maintenance

13] IAS Blower Replacement Assume yearly blowers replacement costs are 10% of blower capital costs 1| YR | $ 77500 [ $ 775

14 | SVE Blower Replacement Assume yearly blowers replacement costs are 10% of blower capital costs 11 YR|$ 10785018 1,079

15 |Labor

16| OQperator labor Assumes 52 weeks at 1 day per week 52| Day | $ 450001 $ 23,400

17| Management oversight and reporting Assumes 2 hrsiweek + 40 hr annual report 144 | hour | § 100.00 | 3 14,400
L 18 Subtotal $ 52,586

19 |Subtotal

20 |Unscoped items Allow 30 percent 30| PCT| % 52,586 | $ 15,800

21 jContract cost $ 68,386

22 {Contingency Allow 35 percent I PCT($ 68386, % 23,900

23 Total $ 92,286

24

25

26 Present Value at 7% over 10 years| $ 648,180

27 Total Rounded to the nearest $10.000) $ 650,000

28

29
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UFRR Ogden Rail Yard
North Plume Air Sparging Barrier Wall
Capital Cost Breakdown

A B C D £ F
1 | Cost Estimate-Alternative 5
2 |UPRR Ogden Rail Yard F§
3 |September 2004
4 North Plume Barder Wall Treatment System
| 6 {item Basis Cua Unit UnitPrice | ExtAmount |
Monltoring, Sampling, Testing
8 ] Pilt Testing To refing design; 1 1S |$ 2000000 % 20,000
5 | Sysiem Startup and Tesling 1 time cost 1 LS 1% 2000000]% 20,000
10
11 |orng
2| Mobilization/Demobllization Eor deilling rig and crow 1 LS b 1,954.00 | 1 1,954
3|_H Stam, 6° OD Borehole for 2" Well 85 wells at 17 deep 1,445 LF ] 17.86 25,808
4] 2" Sch. 80 PVC Well Casing 85 wells at 14' deep 1,190 LF 3.42 4,070
5] 2" Sch. 80 PVC Well Screen 85 walls at 2" each 70 TJ 15.35 2,610
6] 2" Screen Filter Pack 85 wolls at 4' each 340 LF 8.15 2,77
17| 2" Well Bent Seal 85 wells a5 A 29.75 2,529
18] Well Development Equipment and Rental 85 wells B5 EA 200.00 17,000
18] 55 gal. Drums for Cuttings and Water Periodically dispesad of on site 85 EA 76.48 6,501
20] 2'by 2 by 3 Precast Concrete Vaulls Per cach well 85 EA 115.80 3,843
F Field Geologist 85 wells at 4 walls per day H DY 3 580.00 12,325
23 |Piping
24] 1" HDPE header pipe 16 feet ting each row, wf solenoid valves for pulsing B4 LF ] 8.00 | 1 512
25] 1" HDPE branches 2 rows per wall, from building Lo end of manifold 2,500 LF £ 6.00 15,000
26| Cigar and Grub for trenching Prepare for ing 1.5 AC 163.35 245
27] Chain Trencher (1' deep) A 1’ deep x 10™ wide irench 78 cy 1.91 149
28] Maove Trencher arcund site Assume 1 move per wall 2 £A 320.72 661
| 29| Pipe Trench Gravel Backfill Assumes 1' deep x 10" wide trench 78 CY | 2255 | 9 1,754
30
31 |Process Equipment
32) Biower Buillding Assumes 1 bl per building E. $  15000.00 | § 30,000
3} Electrical Hook-Uip and IRC Assumes 1 control panal per bullding E E 7.500.00 15,000
34 | Compressed air flow meter One per blower E, 500.00 | 1 1,000
5| 10 hp, 230V Rolary Vana Blower System_ 125 cfm and 15 psk; includes pre gauges E 7.750.00 | 15,500
Consiruction Labor A 5 people at 30 days for 10 hrs/day 1,500 Hours | 5800 | % E7,000
7
38 [Miscell
39] OVA Rertat A OVA Io be used by Field Geologist ] WK | $ 300.00 2,400
40| Decontaminate Equipment A decon only needed afler drilting all wells L by | $ 195.11 195
41] Equipment Shipping to Site 1 tima cost 1 LS | $ 500000 5,000
32| Site Security Fence Pevimater around treatment area 3000 F_ |3 27.77 | § 83,310
43] Surveying and Site Layout Layaut well, piping, building lecations, elc. 1 LS | § 1,500.00 | $ 1,500
44
45 | Subtotal ] 384,641
4G |Unscoped items AHow 10 percent 10| PCT | $ 384,641 38,500
47 | Subtotal 423,141
| 48 [ General Requi s {Mob, bands, insur) Allow 10 percent 0] PCT | 8 423,141 42,300
| 49 [Contract cost 465,441
[ 50] ncy Altow 30 percent 3| PCT 1§ 465,441 139,600
51 JConstrucilon Cost 605,041
| 52 |Design Allow 10 percent 10| PCT 1§ 605,041 60,500
53 | Permitting Alow 10 percent 10 PCT 605,041 680,500
54 |Construction Oversight Allow 10 percert 10| _PCT 605,041 60.500
53 | Totat 786,541
56 | Total Rounded to tha nearest $10,000 790,00¢
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UPRR Ogden Rail Yard
North Plume Air Sparging Treatment Wall

A B C D E F
1 |Cost Estimate - Alternative 5
2 |UPRR Ogden Rall Yard FS ]
3 |September 2004 o
4 INorth Plume Barrler Wall Treatment System
5
6 [ltem Basis Quantity | Unit Unit Price Ext Amount
7 130 Years of Operation ——
8 |[Electrical Utilities -
9 | Air Sparging Blower Assumes 2 10 hp blowers operating full time 130,600 | kwh [ $ 0.06 (% 7.836
101 Misc, power e.g contro! panels, heating and lighting; assumes 10% of sparging energy 13,060 | kwh | § 006 % 784
11 |{Maintenance
12 | Blower Replacement Assume yearly blowers replacement costs are 10% of blower capital costs 21 YR | % 20000 | $ 400
13 {Labor
14| Operator labor Assumes 52 weeks at 1 day per week 52| Day | $ 450.00 | § 23,400
15| Management oversight and reporting Assumes 2 hrsiweek + 40 hr annual report 144 | hour | $ 100.00 | § 14,400
16 Subtotal $ 46,820
17 |Subtotal
18 |Unscoped items Allow 30 percent 30 PCT| $ 46,820 | § 14,000
19 |Contract cost $ 60,820
20 |Contingsncy Allow 35 percent 3BIPCT | $ 60,8201 $ 21,300
21 Total $ 82,120
22
23
24 Present Value at 7% over 30 years| $§ 1,019,025
25 Present Value Rounded to the nearest $10,000| $ 1,020,000
26
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UPRR Ogden Rail Yard
Present Value Capital and Operation and Maintenance
Costs for Alternative 6 Sparging Systems

Module Srcalin?iactor
Cost Component Size Cum Total Number 0.6
South Plume Capital 4 Ac $420,000 6 $ 1,230,666
System Q&M 1 module | $240,000 6 $ 703,237
South Plume Subotal] $ 1,034,000
North Plume Capital 2AcC $390,000 25 $§ 2,680,473
System O&M 1 Module | $240,000 25 $ 1655676
North Plume Subtotall § 4,346,000
Sparging Capital Combined Subtotals] $ 3,920,000
Sparging O&M Combined Subtotais] $§ 2,360,000
Sampling and Reporting] $ 220,000
Subtotal Cost| $ 6,500,000
Notes:

C,=C, x(N V", where
C, =System Cost for the Total Number of Modules ($)
C,, =System Cost for One Module ($)

N =Total Number of Modules

SF =Scaling Factor
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UPRR Ogden Rail Yard
Present Value Capital and Operation and Maintenance
Costs for Source Area Sparging Systems (Reasonble Worst Case)
Alternative 6

Module Scaling Factor

Cost Component Size Cu Total Number 0.6
South Plume Capital 4 Ac $420,000 6 $ 1,230,666
System O&M 1 module | $650,000 6 $ 1,904,601
South Plume Subotal] $ 3,135,060
North Plume Capital 2 Ac $390,000 25 $ 2,690,473
System O&M 1 Module | $650,000 25 $ 4,484,121
North Plume Subtotall $ 7,175,000

Combined Sparging Capital Subtotall $ 3,920,000
Combined Sparging O&M Subtotal] $ 6,390,000
MNA Sampling and Reporting] $ 550,000
Subtotal Cost] $§ 10,860,000

Notes:

C.=C, x{N Y, where

C, = System Cost for the Total Number of Modules ($)
C,, = System Cost for One Module ($)

N, = Total Number of Modules

SF = Scaling Factor
System Q&M costs are based on a total treatment time of 10 years.
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MEMORANDUM " THE FORRESTER GROUP

INSIGHTPFUL ERYIRONMEN FAL SOLUIONS™

Date: June 18, 2004

To: Hoyt Sutphin

From: Rob Jackson

Subject: Appendix Referencing the Visalia, CA Site
Copy to: | Jay Hoskins

Project Number: 306

Southern California Edison Company Visalia Pole Yard NPL, Visalia, California

The purpose of this memorandum is to provide a brief synopsis of the Visalia Pole Yard NPL site and the
DUS/HPO remediation system used there, A more comprehensive summary of this subject is available in
Attachment 1,

Site Background:

The Visalia Pole Yard is a 4 acre site located about 50 miles Southeast of Fresno, CA. The site was used

. by The Southern California Edison Company (SEC) to conduct operations of a wood treating plant from
1925 to 1980. Impacted soil and groundwater by creosote, pentachloropheno! (PCP), and diesel fuel led to
the designation as a Superfund site in 1975. The chemicals of concem (relic wood treating wastes) are a
variety of polycyclic aromatic hydrocarbons (PAHs), PCP, and dioxins.

The constituents of concern are detected in groundwater 75-105 feet below ground surface. The source of
groundwater impacts includes dense non-aqueous phase liquid (DNAPL). The site geology generally
consists of a mixture of sands, silts, and cobbles.

Beginning in May 1994, in situ steam enhanced injection and extraction, with supplemental air injection
to enhance in-situ chemical and metabolic oxidation, was utilized to remove the source of groundwater
impacts, including DNAPL. This thermal treatment process is also known as Dynamic Underground
Stripping with Hydrous Pyrolysis Oxidation (DUS/HPQ). A remedial goal of this project was to reduce
site groundwater concentrations of pentachlorophenol, benzo(a)pyrene, and Tetrachlorodibenzo-p-
Dioxineg, to MCLs (1pg/L, 0.2 pg/L, and 30 ?g/L, respectively).

DUS System Technology:

At the Visalia site, steam and air were injected to a depth of 80-100 feet in paired wells, building a heated,
oxygenated zone in which contaminated groundwater mixes with steam and oxygen. The system
consisted of 11 injection wells, 7 liquid/vapor extraction wells, 4 steam boilers, a vacoum system, a two-
staged heat exchange system, vapor treatment system, and a tertiary water treatment system. Electrical
resistance tomography (ERT) and thermocouples were used to model the subsurface heated zone and
evaluate treatment effectiveness.
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At capacity, the system could deliver 200,000 pounds per hour of steam to the 11 injection wells.
However the system was operated at 80,000 to 120,000 pounds per hour to maintain hydraulic control of
the plume. The vapor and liquid phases were captured and treated. Vapors were treated in a steam boiler
via oxidization. Liquid phase contaminants were sent through a tertiary treatment process, including an
air flotation system which removed suspended particles and colloids by suspending and skimming them at
the surface. Remaining liquids were then treated in a series of filtration processes and granulated activated
carbon columns. The effluent was discharged to the sewer under an industrial waste discharge permit.

THE FORRESTER GROUP

PR L I R Al i Yy

The DUS system injected a total of 660 million pounds of steam into the subsurface from May 1997 to
June 2000, and removed 1.33 million pounds of wood preservative chemicals. Remedial efforts ended in
March 2004. The cost of the project has totaled approximately $25,000,000 over the ten year life span of
the project.

Effectiveness

The DUS/HPO system was effective at removing DNAPL and reducing aqueous phase concentrations at
the Visalia site. However, in the source zone, dioxins and benzo(a)pyrene remain at concentrations above
MCLs. Therefore, future land use will be limited through institutional controls, and monitoring at the
facility boundary is expected to be ongoing at the site. A pump and treat system, including a water
treatment plant, continues to be operated as a contingency measure.

An additional effect of steam injection was that DNAPL and impacted groundwater were smeared
through the subsurface. Since steam injection operations have ended, the groundwater plume appears to
be at steady-state,

Requests for site closure have been submitted, and a decision will be made pending compliance with
groundwater standards at the facility boundary.

References

Dynamic Underground Stripping with Hydrous Pyrolysis Oxidation (DUS/HPO} - In-Situ Destruction of
DNAPLs and Dissolved Contaminants in Groundwater, ESTCP

bttp://www estcp.org/projects/cleanup/2000140.cfm

In Situ Thermal Treatment Site Profile Database for Visalia Pole Yard NPL Site, USEPA,
http:/fwww.clu-in.org/products/thermal/usersearch/thermal_search.cfm

Innovative Technology Summary Report, Hydrous Pyrolysis Oxidation/Dynamic Underground Stripping,
USDOE, February 2000 (DOE/EM-0504).

Groundwater Currents, Dynamic Underground Stripping for Creosote Removal, USEPA, June 1998 (EPA
542-N-98-006).
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Site: Southern California Edison Company
Visalia Pole Yard NPL site, Visalia, California

Contaminants: Polycyclic Aromatic Hydrocarbons (creosote), Diesel,
. Pentachlorophenol, Polychlorinated Dibenzo-p-
Dioxins, and Polychlorinated Dibenzo-p-furans

Technology: In Situ Steam Enhanced Extraction with Supplemental
Air Injection to Enhance In-Situ Chemical and
Metabolic Oxidation

" History: The Southern California Edison Company operated a .
wood treating plant from 1925 to 1980 during which the subsurface soil

and groundwater were infiltrated, to a depth of 120 ft. with polycyclic
aromatic hydrocarbons (PAHs), pentachlorophenol (PCP), polychlorinated
dibenzo-p-dioxins, polychlorinated dibenzo-p-furans (TCDDeq), and
diesel (wood preservative chemicals). Since 1975, Edison has pumped
and subsequently treated approximately 2.5 billion gallons of
groundwater to control gradient and minimize plume volume of these

dense non-aqueous phase liquids (DNAPLs) and the dissolved
constituents.

Project Goals: The general project objective was to remove the
source of contamination from the subsurface and allow “natural

attenuation” to degrade the remaining aqueous-phase plume. Specific
goals are listed in the following table.

i-Visalia Steam Remediation Project .
- Groundwater Remediation Standards. -
Parameter Concentrat:lon
Pentachlorophenol 1 pg/L
Benzo(e]Pyrene 0.2 ug/L
Tetrachlorodibenzo-p-Dioxineq 30 pg/L
Engineered Systems- . SCE started with 11 steam injection wells,

7 liguid /vapor extraction wells, 4 steam boilers, a vacuum system, a two-
staged heat exchange system, vapor treatment system, and a tertiary
water treatment system. Electrical Resistance Tomography (ERT) and
thermocouples were deployed via 29 wells to]unage the subsurface
heated zone. _

The steam generation system could deliver a maximum of 200,80u pound
per hour, with nominal injection rates of 80,000 to 120,000 pound per
hour. Recovery wells and treatment systems were capable of removing
approximately 140,000 lbs (H20/min.), maintaining overall hydraulic




control of the site at nominal injection rates. Recovered liquids
(groundwater and condensate) and vapors were separated and pumped
to respective treatment systems. The noncondensable gases (vapors)
were piped to the steam generators and thermally destroyed in the fire-
box of the boiler, Groundwater and condensate were pumped to head-
works of the tertiary water treatment system. This system consisted of
.serial separation (gravity and air-flotation), parallel dual media and
polish filtration, and serial treatment by granular activated carbon. The

treated effluent was discharge to the local sewer under an industrial
waste discharge permit.

Well d Dlmsmns

—

145 ft. by 2 acres
Contaminated Material Volume 375,000 yd3
Heated Material Volume >1,000,000 yd3
Water Treatment Plant Capacity 400 gpm
Vapor Extraction System Capacity | 2500 scfim
Steam Injection System 120,000 1bs/hr (+ 80% Reserve) __|

limin -—  During May 1997 to June 2000,
approximately 660 million of_ste injected _into_the/!
subsurface formation.\ Approximately 1.33 million pounds of wood -
preseé emt in the formation were mobilized and
removed/destroyed. The following table depicts the wood treating

chemical mass removed by free, aqueous, or vapor phase, and by’
chemical oxidation. '

Phase Mass Removed (Ibs) | % Removed of Total
Free 678,300 51
Vapor 239,400 18
In-situ Oxidation 212,800 16
Aqueous 199,500 15

Total 1,330,000 100

Southern California Edison designed and built a “carbon tracking”
system which on a real-time basis accounted for the mass removed in

the aqueous and vapor phases. Qgxidation in place was determined from
the increase in CO; and dissolved car (i native groundwater.
and injected steam, taking temperature/sclubility relationships into
aWWﬁnmﬁcmwm‘ﬁEm
&mﬁmmm gravity separators.

————




Operational Considerations: The system components must be
robust and have inherent flexibility to maintain operational integrity.
Strength and material compatibility if not addressed properly will resuit
in many unforeseen events ranging from significant project delays to
catastrophic failures. The Visalia design was robustly designed,
constructed and maintained 96 percent. operational capacity factor
during 36 months of steaming operations.

The initial target of steam injection focused on the intermediate aquitard,
which is a heterogeneous saturated zone typified by inter-bedded coarse
sand and cobble sized material. This aquitard is about 80 feet to 100
feet below the ground level (bgl). The steam injection wells were installed
in a circular array around the contaminant mass. The steam was
injected to mobilize the wood preservative chemicals to centrally located
liquid and vapor extraction wells. This operation scheme was a classic
“steam flood” of the intermediated aquitard which relies on the integrity
of the confining formations (shallow and intermediate aquitards) to drive
the “steam chest® horizontally across the intermediate aquifer. Under
this scenario, the aquifer is primarily heated by convection. Portions of
the confining shallow and intermediate aquitards would be conductively
heat. Heat transfer modeling indicated that the first 15 feet of the
intermediate aquitard would achieve the desired thermal treatment
threshold of 100 oC if the leading surface of this confining layer were
exposed to steam temperatures for 140 days.

This operational mode continued for approximately 10 months. The
recovery rates of contaminants ranged from 2000 pounds to a record
high of about 14,000 pounds in one day. The subsurface thermal
signature resembled a “donut-shaped” plume of elevated temperatures
approaching the apparent formation boiling point of water.

The original design called for three of the extraction wells to be adapted
to inject steam. The second phase of steam injection, which was still
based on aquifer steamflood, was initiated to inject steam in the center of
the contaminant mass. The electrical resistance tomography proved to
be a valuable tool in managing the duration of steam injection from the
center of the contaminant mass. The treatment of the intermediate
aquitard based on steam flood techniques continued for an additional 8
months. The typical formation heat signature indicated temperatures
approaching the apparent water boiling point from about 95 feet bgl
virtually to the surface.

Steam flood techniques were not fully successful at conductively heating
the intermediate aquitard. This method suffered from the persistent
problem of “steam over-ride” which has heen well documented by the




enhanced oil recovery industry. There were two additional factors which
added a cooling effect in the lower reaches of the intermediate aquifer.
The material at 95 feet bgl is described as a 5 foot deposition of cobble
size material with an estimated horizontal groundwater velocity of greater
than 3 feet per day. The second factor was a vertical connectivity of the
“deep aquifer” into the intermediated aquifer. The vertical flux rate was
measured at approximately 3 gallons per day per square foot. The
introduction of native groundwater at ambient temperature (~16 °C} both
laterally and vertically imparted sufficient cooling capacity to prevent the
desired heating of this part of the formation.

An alternative method relying on injecting steam below the intermediate
aquitard was conceived and subsequently approved by the DTSC. This
aquitard is about 100 feet to 125 feet bgl and is characterized as inter-
bedding of sand, fine sand, and silts. This aquitard had been shown,
during the 1991 Remedial Investigation, to have been significantly
penetrated with the wood treating chemicals. It was also obvious that
the intermediate aquitard was not impervious to permeation, based on
the stated flux rates from the deep water bearing unit into the
intermediate aquifer.

Three injection wells were drilled into the “deep” aquifer to a depth of 145
feet bgl. Heating the intermediate aquitard from below employed the
natural physical character of the “buoyancy” of steam. Steam injected
below this aquitard would take the “path of least resistance” and travel to
the bottom edge of this formation and propagate in a radial fashion
across the bottom of the aquitard. The steam would also take the same
pathways through this aquitard that the native groundwater utilized in
the vertical accent from the deeper unit into the intermediate aquifer. As
the steam ascended, the contaminant mass was mobilized ahead of the
steam front and delivered to the extraction wells in the intermediate
formation. Steam injection cycles were virtually continuous to uniformly
heat the intermediate aquitard and provide a thermal barrier for
downward migration of the chemicals of concern. Additional extraction
wells were installed into the deep aquifer as a precautionary measure.

An additional phenomenon was observed at Visalia that greatly reduced
the possibility of downward migration of the wood treating chemicals.
The specific gravity of the mixture of wood treating chemicals was
measured at 1.11. Thus the free-phase mass within the formation was
considered to be a DNAPL. . The first 3500 gallons of recovered product
resembled the original mixture, in terms of color, odor, and density.
When the wood treating chemicals were exposed to temperatures in
excess of 50 °C, and most probably in the presence of water, there was a
dramatic change in the physical and chemical characters of this mixture,
The original mixture was black in color and had a distinct coal-tar odor.




After the thermal soak, the extracted mass, changed in appearance to a
tight gray emulsion while retaining a coal-tar odor, albeit reduced in
intensity. Of primary importance, the density of the recovered mass was
lighter than water. Assays performed at LLNL indicate that the mixture
of wood treating chemical was saponified, essentially changing a DNAPL
into a Light Non-Aqueous Phase Liquid (LNAPL).

Injecting steam into the “deep” aquifer continued for 18 months with
approximately an additional 440,000 pounds of wood treating chemical
recovered from the intermediate aquitard.

Groundwater Quality: Pentachlorophenol was considered as the
target compound to be removed in the source area considering that it
was the most soluble chemical in the suite of wood preservative
chemicals use at the Visalia facility. Historically, PCP was detected in
monitoring wells located about 1000 yards from the VPY western
property boundary. Through an aggressive pumping program from 1975
to 1990, the PCP aqueous phase plume was reduced to area roughly
within the property boundary (refer Figure 1}.

The Visalia pump and treat program prior to steam injection was
beneficial in preventing and reducing the down-gradient migration of the
more soluble hydrocarbons such as PCP and naphthalenes. The pump
and treat system operated to control the spread of contamination;
however this technology would never achieve regulatory compliance
within a manageable timeframe. SCE, after a significant selection
process, elected to implement a thermal remedy to eliminate the cause of
the impact to the groundwater. The Visalia in situ thermal remedy has
attained a measurable improvement in groundwater quality at the
facility.

The following graphs (1-6) describe the groundwater quality for the
parameters listed in the above table. Graphs 1-3 present the analytical
results in groundwater extracted from a well in the vicinity of the “point
of compliance”. Graphs 4-6 present similar groundwater assays from a
production well in former free-phase hydrocarbon plume (source area).
In general, the graphs for PCP and B(a)P contain approximately 150 data
points, and, the TCDD.q graphs contain about 20 data points. The data
comprehensively describes the trend of improving groundwater quality
from the initiation of steam injection to the present. Similar data sets
exist for 12 additional production wells, all of which, exhibit similar
trends. The data selected for this report is representative of the
improving groundwater quality at the Visalia Pole Yard.




The groundwater extracted from EW-4 has shown two orders of PCP
mass reduction since May 1997 which was the on-set of steam injection
activities. The May 2003 PCP assay is lower than the Remediation
Standard of 1 ug/L. This trend is encouraging; however, the data may

not be entirely representative in light of that these results are from an
extraction well.

The B(a]P and dioxins data indicate that these parameters do not
adversely impact the groundwater in the vicinity of the “compliance
point”. During three years of active steam injection cycles and the
subsequent three years of post-steaming activities, these organic
chemical species have not been detected at concentrations which exceed
the Remediation Standards.

In reviewing the quality of the groundwater pumped from the “source
area” (Refer Graphs 4, 5, & 6), it becomes evident there was a
considerable mobilization of PCP, B(a)P, and Dioxins occurred during
steam injection cycles.

The highest recorded initial PCP concentration (1300 ug/L) in the
groundwater has been reduced to a concentration below the method
detection limit (ND @ < 1 ug/L). Since, December 2000, there has been
one time period, in which, the level of PCP in the groundwater was
assayed in concentrations above the Remediation Standard. During this
event (~ Dec. 2000), a cluster of assays recorded concentrations above
the detection limit, however, only two the results were recorded above the
remediation standard (1.3 ug/L and 2.1 ug/l, respectively). Since
December 12, 2001 all assays results were reported at concentrations
below the regulatory limit {1.0 ug/L). The two data points above the
detection limit in early 2003 were measured at concentrations about 0.7
ug/L.

Pumping of S-14i still produces groundwater with B{(a)P concentrations
in excess of the regulatory limit of 0.2 ug/L. However, looking at the
body of this data it becomes clear that thermal treatment of the
groundwater matrix in the vicinity of S-14 has resulted in a measurable
improvement in quality in term of B{a)P. The B(a)P concentration has
steady decreased from a maximum of 880 ug/L to 2 ug/L.

The same conclusion drawn for B{a)P concentrations in S-14i can be
made for the Dioxins concentrations represented in Graph 6. The
highest dioxin concentration was measured in excess of 160,000 pg/l.
The groundwater dioxin content has progressively reduced in mass to the
current measured amount of 280 pg/L.




Observations over the past 60 months of the groundwater quality in
other wells located at the site suggests B(a)P and Dioxins have not been
mobilized to any degree beyond the original source area. The
observations may not be entirely representative, however, the in the
ensuing time period since the project initiation, the empirical
observations of the groundwater quality have produced encouraging
results and achieving the stated goals appears to be certain.

Future Objectives: The compliance plan negotiated with the
California EPA-Department of Toxic Substances Control calls for the
. demonstration of compliance at a point along the western boundary of
the Visalia Pole Yard property. The “compliance point” will be three
dedicated monitoring wells, which are scheduled for completion by 3rd
quarter of 2003. Upon completion of these wells, SCE will enter into a
regulatory demonstration phase to show compliance with the
remediation standards as listed above. The details of the monitoring
program and data reduction methods have yet to be determined and
subsequently approved by DTSC.

The EW-4 groundwater quality continues to improve, and as of May
2003, meets all of the regulatory objectives. Upon completion of the
monitoring wells, SCE will continue with monthly assays of each of the
wells. A representative data base will be collected and a final decision
will be made to discontinue the operation of the Visalia Water Treatment
Plant. The water treatment plant will held in a “wet” standby status to
insure a “back-up” remedy is available. The duration of the standby
status of the water treatment plant has yet to be determined.
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EW-4 PCP in Groundwater
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EW-4 TCDD(eqv; in Groundwater
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$-14i, PCP in Groundwater
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S$14i, TCDD(qv) In Groundwater
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MEMORANDUM THE FORRESTER GROUP

TNSLGHTIUL ENVIRONMEN 1AL SOLUTHONS

Date: Qctober 29, 2003

To: File

From; Jay Hoskins

Subject: UPRR Ogden Rail Yard

Calculations for Modeling IAS Cleanup Time

Preliminary calculations were performed using An IAS/SVE spreadsheet model developed by O’Neill and
Symons.! The purpose of the calculations was to estimate groundwater cleanup times during in situ air
sparging (LAS) of the areas of highest CVOC concentrations in the northern CVOC plume. A sensitivity
analysis was also conducted, considering potential variability in fraction of organic carbon (f,) and
hydraulic conductivity. Calculations were performed for VC and 1,1,1-TCA.> The groundwater
concentrations for VC and 1,1,1-TCA at the start of LAS were assumed to be 2.2 mg/L.’ This value is

intended to represent a reasonable estimate of the high end of 1,1,1-TCA and VC concentrations in this
area.

A set of IAS parameters intended to represent the “best estimate” of site conditions was developed (Table
1). The parameters used to develop the “best estimate” are derived either from site specific tests,
literature, or assumptions on the air sparging process (e.g., air flow rate and radius of sparging well
influence). Results indicate the following:

» The 1,1,1-TCA concentration was reduced from 2.2 mg/L to 0.001 mg/L (1 ug/L) in two years of
treatment (Table 2).

¢ The VC concentration was reduced to less than 0.001 mg/L (1 ug/L) in just a few days. (Table 3).
Sensitivity calculations were performed to determine what affect an order of magnitude reduction in
hydraulic conductivity (and groundwater flow velocity) could have on model predictions. Parameters

used in this analysis are shown in Table 4.

o The 1,1,1-TCA concentration was reduced from 2.2 mg/L to 0.002 mg/L (2 ug/L) in three years of
treatment. (Table 5) ‘

s The VC concentration was reduced to less than 0.0001 mg/L (1 ug/L) in just a few days. (Table 6)

' paper presented to University of Massachusetts-Amherst describing this model is available upon request.

2 Vinyl chloride is the chemical most widely distributed in the northem plume; 1,1,1-TCA is a parent chemical of vinyl chloride
frequently detected in this area of the northem plume.

* Based on concentration data from 38-MW12 and 22a-MWS, two north plume wells with frequently elevated detections of vinyl
chigride and 1,1,1-TCA. 1,1,1-TCA has been measured at 38-MW12 at concentrations of 2000-4100 ug/L; alt but one detection
was below 2700 ugil; VC has been measured at concentrations of 830-2300 ug/L
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MEMORANDUM
October 29, 2003

THE FORRESTER GROUP

HoR S EN SR I R CRTR T SR VAR IS S LU B

Sensitivity calculations were performed to determine what affect a f,, value of 0.01 could have on
treatment times. Based on site specific measurements, this is believed to be near the upper range of f,
values at the site. Parameters used in this analysis are shown in Table 7

¢ The 1,1,1-TCA concentration was reduced from 2.2 mg/L to less than 0.001 mg/L (I ug/L) in less
than three years. (Table 8)

¢ The VC concentration was reduced to less than 0.001 mg/L (1 ug/L) in just a few days. (Table 9)

CONCLUSIONS

Based on preliminary calculations, significant reductions in VC concentrations could occur very soon
after treatment is initiated. IAS could potentially reduce 1,1,1-TCA concentrations to low levels (less than
1 ug/L) in a few years, Given that the reduction in 1,1,1-TCA levels to very low levels is necessary to
achieve acceptable VC concentrations downgradient of the sparging zone, the total treatment time could
be a few years.

Calculations do not account for inefficiencies in treatment effectiveness. Examples include inadequate
contact between air bubbles and impacted media, the inability for air bubbles to reach impacted media
due to subsurface heterogeneity (i.e. a lens of silt or silty clay in the sparging zone), or short-circuiting of
air bubbles through preferential flow paths. Also, there is considerable uncertainty about the mass of
source material. If pockets of DNAPL exist, then the treatment time could be substantially increased
because the mass of CVQCs could be greater than this model accounts for. Due to all of these factors,
there is considerable uncertainty in these calculations.

These calculated treatment times are appropriate for developing feasibility level cost estimates for the
purpose of comparing aiternatives. However given the uncertainty factors discussed above, these
calculations should not be used as an exact prediction of IAS performance or cleanup times.




SVE/AS Calculations
UPRR Ogden Rail Yard

Northern CVOC Plume
Prepared by: Jay Hoskins Checked by: Brian Symons
Table 1
Design Parameters: Best Estimate Conditions
Parameters Values _ Units Notes
Groundwater flow rate 2500 ft*/day
Module Area 44100 f¢? Area of one module
Well Depth 20t Average depth over N. Plume
Saturated Depth 105 f# Average Depth
Water Volume 92610 ft° V=AxDsxn, n=0.2
Hydraulic Conductivity 280 fvday “Noﬂhern Area Pumping Test Data
Gradient 0.004 unitless  |Groundwater Contour Map
Fraction of Organic Carbon in Soil 0.004 unitless  JAverage value of tests
Soil Partitioning Coefficient (Koc-VC) 0.407 Lkg R! appendix L
Soil Partitioning Coefficient (Kd-VC) 0.004 Likg Rl appendix L
Soil Partitioning Coefficient (Kd-VC) 6.36E-05 ft*flb Unit conversion
Oil/water Patitioning Coefficient (VC) 3.9 unitless hlogkoc=0.999logKow-0.202
Soil Partitioning Coefficient (Koc-TCA) 183 Lkg Literature
Scil Partitioning Coefficient {Kd-TCA) 0.55 Likg Literature
Soit Partitioning Coefficient (Kd-TCA) 0.009 ft*/b Unit conversion
Qil/Water Patitioning Coefficient (TCA) 242.32 unitless  |logkoc=0.99%0gKow-0.202
Fraction of Air 0.05 unitless  (Typical Defauit Value
Density of Soil 102 Ib/ Typical Default Value
Fraction Water (Porosity) 0.2 unitless  |Typical Default Value
Fraction Soil 0.75 unitless | Typical Default Value
Fraction Oil 0 unitless  {Typical Default Value
Volatilization Eff. Factor 0.05 unitless | Typical Default Value
Biocdegradation Eff. Factor 0.05 unitless  [Typical Default Value
Radius of influence 21t Well spacing
Number of Weast Parcel Wells 25 wells Figure 4-1 of FS
Number of East Parcef Wells 0 wells Figure 4-1 of FS
Sparge Design Flow Rate 5 scfm Adjustable, determined during startup
SVE/AS Calculations
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SVEIAS Cakutaibra

UPRR Ogden Fail Yard

Horth Plums Sparghog Alwmitive

Propored ty: Jay Hoakiny Chaxhd by Brinn Symons, P.E.

TABLE 2
TYPICAL AIR SFARGING PERFORMANCE, FIRST ORDER BIODEGRADATION RATE, 1,i,1-TCA (Cleanup Time Calculations)
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SVEFAS Calculaiiom

UPRA Ogden Rk Yard

Morth Pume Soures Spa

Preparod by Juy Hoskis  Chewked by: Brin Symono, P.E.

TABLE 3

TYPICAL AIR SPARGING PERFORMANCE, FIRST ORDER BIODEGRADATION RATE, VC (Cleanup Time Caleulations)
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SVE/AS Calculations

UPRR Qgden Rail Yard

Northern CVOC Plume

Prepared by: Jay Hoskins Checked by: Brian Symons

Table 4
Design Parameters: Hydraulic Conductivity Sensitivity

— Parameters Values Units Notes
Groundwater flow rate 250 ft3/day
Module Area 44100 ft* Area of one module
Well Depth 20t Average depth over N. Plume
Saturated Depth _ 10.5 ft Average Dapth
Water Volume 92610 f° V=AxDsxn, n=0.2
Hydraulic Conductivity FREa28] fiday Northem Area Pumping Test Data x 0.1
Gradient 0.004 unitless  |Groundwater Contour Map
Fraction of Organic Carbon in Soil 0.004 unitless  [Average value of tests
Soil Partitioning Coefficient (Koc-VC) 0.407 L/kg Rl appendix L
Soil Partitioning Coefficient (Kd-VC}) 0.004 Lkg RI appendix L
Soil Partitioning Coefficiant (Kd-VC) 6.36E-05 /b Unit conversion
Oil/'Water Palitioning Coefficient (VC) 3.91 unitless  |logkoc=0.999logKow-0.202
Soil Partitioning Coefficient (Koc-TCA) 183 kg Literature
Soif Partitioning Coefficient (Kd-TCA) 0.55 L/kg Literature
Soil Partitioning Coefficient (Kd-TCA) 0.009 #*Ib Unit conversion
Qil/Water Patitioning Coefficient (TCA) 24232 unitless  Jlogkoc=0.99%logKow-0.202
|Fraction of Air 0.05 unitless | Typical Default Value
Density of Soil 102 b/t Typical Default Value
Fraction Water {Porosity) 0.2 unitless | Typical Default Value
|Fraction Soil 0.75 unitless | Typical Default Value
Fraction OQil 0 unitless | Typical Default Value
Volatilization Eff. Factor 0.05 unitless | Typical Default Value
Biodegradation Eff. Factor 0.05 unitless | Typical Default Value
Radius of influence 21 ft Well spacing
Number of West Parcel Wells 25 wells Figure 4-1 of FS
Number of East Parcel Wells 0 wells Figure 4-1 of FS
Sparge Design Flow Rate 5 scfm Adjustable, determined during startup
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SVE/AS Callationn

UPRR Ogden R Yard

Marth Plume Sparping Alemaihe

Prepsred by, Jay Hoskins Chacked by: Brian Symoms, PE.

TABLE §
TYPICAL ATR SPARGING PERFORMANCE, FIRST ORDER BIODEGRADATION RATE, 1,1,1-TCA (Cleanup Time Calculations)

Aswmpﬂons : |
o Aqulfar Conditione N +|
O.= 250 ﬂ'.faay Groundwater low rate Kg= 0.009 Soll Partition Coeﬂ'luent
Y= 463,050 fA* Pluma Arga * Sal, Thickness  |Ko= 24232 O Partition Coafficlant
X2 0.08 Frachon of Air k= 0.0000 iday Decay Rate {assumed to be 0)
P 102 Iwi2 Dry dasis Density of Soil Kh= 0.3300 dimensionless Alr Partibon Cosfficiant (Henry's)
= 0.20 Porosity Fraction Waler
X2 0.15 Solids Fraction Sci
X= 0 Fraction Qi Equations
Ive Q.05 Efficlancy factar Cw{t={{YCW{0+B) axp{YI}-BIY
Q= 180,000 Miday Alr Flow Rate Caft)= Kh z Cwit)
Y= $37ED3  Hday ¥a Y= - [QVr + WX, + P, K8) + QN Kb 2zt
Cuerm  0.0001237 b 06+ Py Ks « X Kh z + X, Ko}
Contr™ 22 mplL )
Cons® o A B= 0.00E«00  1bsAt’ day B= 8= QN1 Gy
Com® 0 mplL (Xa# Py Ks + X, Khz + ), Ko)
| AR SPARGING penmm:csl MASS BALANCE (s}
ESTMATED Time SYSTEMw TRENCH TRENCH TREMCH TRENCH WMNFLUENTm B  VENTEGwn EFFLUENTw
230 years days Conn T} Coapy (Mgrm?} MASS GWCONC. ArCone GHCone SOILCONG. s} {ibs) (fos) {Ibz)
= [} 2200 36 9.4 128 1 0.0 58.6 0.0 [EE) 40 03
'é 2,00 10 2,064 k2 68.4 153 0.0 Q0 531 0.0 5 26.9 2.2
z 100 1184 19 367 6.7 0.0 LiX+] 29 Q.0 LL] 165 14
2 1.50 _._mpwgm 200 G615 10 19.4 36 0.0 00 1348 0.0 A Fi] 127 11
g _..mm 1 365 0.215 4 6.9 12 0.0 1) 55 0.0 (o8 4.8 0.4
-SE 15 5475 0.067 1 23 04 00 0.0 17 0.0 02 15 0.1
] 2 30 o1 o} 0.7 01 0.0 L] 0.5 [iX 1] L] [1¥ ] 0.1
3 050 3 10498 0.002 Q 01 09 0.0 LX) 0.1 00 [LR}] 0.1 0.0
o 5 1825 0.000 0 20 09 0.0 00 0.0 0.0 0.0y Q0 0.0
°L°° - - iy 10 3650 0.00¢ o] 00 0.0 0.0 00 040 00 on 0.0 0.0
560 1000 1500 2000 2500 000 3300 A000 15 5475 0.000 [}
TIME AFTER START OF SYSTEM {days} ) Total 20 0.0 0.0 0.0 0.0 3.5 87.3 5.7
Q2 Oralvered Consumed par day
Nole: Q0.0175 o nZM3 sk 1b D58 G2 HC dograded
{a) tnitial Mass = GW mags + Soil Mass + Ol Mass + Vapor Mass = Cup ™ Ve * X, * (P, * K Co X"Vt I Ko™y 157.5 b O2'dey 0.00 baXiday
(b}  nfluent Mass = Cy* G * (Time)
(¢} Biodegraded Mass = inilisd mass - Final mass + influent Mass - Ventsd Mass - Effusnt Mass Seturwion 02 Tolal Mass O3 reguird
(d}  Venled Mass = C, oy, * @, * {Time) B mg/L"Qw 612 B o2iday
(e) Effuent Mass =C, ;" O * {Tima) 0125 hodiday Alr fiow Raquired to heve 0 suoess
142 41 RXdey
0.00 clrvwal
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SVE/AS Caleuiaiind
UPHR Qgcen Ral Yard
Nanth Plume Source Spoging

Preparsd by, Jay Hoshns Chacked by: Brian Symons, PLE.

TABLE 6
TYPICAL AIR SPARGING PERFORMANCE, FIRST ORDER BIODEGRADATION RATE, VC (Cleanup Time Calculations)

R a7 L StandaiFor b 5T o
= 250 tiday Groundwaler Aow rate
Y= 483,050 #* Plume Area * $at. Thickness Ol Partition Coofficiant
= 0.08 Fraction of Air Dacay Rale (based on plot shudy)
P= 102 bR Liry hasis Density of Soll dimensionless Alr Partiior Ceafficiont (Henry's)
Y= 0.20 Porgsity Fraciion Watec
= 075 Solids Fraclion Sl
X= 0 Fraction OF Equations
tvw 0.05 Efciency factor CwWl=[YCwWIl)+ Bl enp{ YL-BYY
= 180,000 A¥day Air Flow Rate Cait)= Kh 2 Cw{t}
Y= WII2ES00 1iday Y= Y= « JQNVE + KOG + P KS) + QP Kh 2)
Com= 0000143 B (Mt Py K + 0 Kh £ + X, Ko}
Cony® 2.3 mplL
Coini® o e B= 0.00E+00 oA’ day e= B= QN5 G
Cog™ 0 mpL (X + P Ks + X Hh 2+ X, Ko)
MASS BALANCE (s}
ESTIMATED AIR SPARGING PERFORMANCE
I I Tima SYSTEMw TRENCH TRENCH TRENCH TRENCH  INFLUENTwm Bl10.&» VENTEDw EFFLUEMTw
250 years days Couyy (Mg} Cgp (Mgim™} MASS  GWCONC. AirCong Qi Conc SOILCONC, {lbs) {lbs) {lbs)
% o] 2.300 5.750 221 134 83 040 Q.4 00 {12.2) s Q.0
2 e 1 0.083 208 03 0.5 &3 00 0.0 0.0 wrn 105 0.0
= 10 0.000 a 00 0. 040 0.0 0.0 0.0 (0.0} G0 00
& s T 100 0.000 0 0.0 a0 0o o0 00 00 o) 0.0 0.0
51 5 1825 0.000 o] 0.0 0.0 [vXr] 0.0 0.0 00 L2 0.0 G0
] 10 3650 0.00% 0 0.0 00 0.0 0.0 0.0 0.0 (14 a0 a0
Zos 15 5475 0.000 0 08 6o 68 00 00 06 00 09 00
© - 20 7300 0000 Q 0.0 0o 1] 0.0 G0 00 a9 00 GO
200 Brpon—un < 25 9125 0.000 o 00 0.0 00 00 0.0 0.0 01 0.0 0.0
o 2000 A0 B0 Lot 10000 n 10950 0.000 o
TIWE AFTER START OF SYSTEM {days) Tota) 0.0 0.0 8.0 0.0 .0 2.8 44.0 0.0
02 Dabvared Conoumed por diry
Male QD075 oo 0N S 2h 3500 U2 HG dogreded
{a)]  Inihal Mass = GW mass + Soil Mass + Ol Mass + Vapor Mass = Cy, " Wr * [, + (P, * Ke)heCogy" Wt X, Ha™V, 157.5 b O2day 000 BoZidey
{p}  Influpnt Mass = £y, ” Cb * (Time)
{c} Biodagraded Mass = Initial mass - Final mass + Influent Mass - Vented Mass - Effluent Mass Swturabon O2 Tolal Maxs 2 required
{d) Vanted Mass =C, .0, " Q" {Time) B mplL Ow 012 b o2lduy
(a) Effluant Mass = C,, o " @ * {Tima} 0125 Bolidey Al Now Requined 13 b O we G
4241 fikédy
0.00 cfmiwell
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SVE/AS Caloulations
UPRR Ogden Rail Yard
Northermn CVOC Plume
Prepared by: Jay Hoskins

Checked by: Brian Symons

Table 7
Design Parameters: f,. Sensitivity
Parameters Values Units Notes

Groundwater flow rate 2500 f¥/day
Module Area 44100 f¢ Area of one module
Well Depth 20 ft Average depth over N. Plume
Saturated Depth 105 ft Average Depth
Water Volume 92610 V=AxDsxn, n=0.2
Hydraulic Conductivity 280 ft/day Northern Area Pumping Test Data
Gradient 0.004 unitless | Groundwater Contour Map
Fraction of Organic Carbon in Soil == 0.008]unitless  [High range of tests
Soil Partitioning Coefficient (Koc-VC) 0.407 Lkg R1 appendix L
Soil Partitioning Coefficient (Kd-VC) 0.004 Lkg RI appendix L
Soil Partitioning Coefficient (Kd-VC) 6.36E-05 /b Unit conversion
Oi'Water Patitioning Coefficient (VC) 3.91 unitless Flogkoc=0.999I09Kow-0.202
Soil Partitioning Coefficient (Koc-TCA) 183 Lkg Literature
Soil Pantitioning Coefficient (Kd-TCA) 0.55 L/kg Literature
Soil Partitioning Coefficient (Kd-TCA) 0.010 #t*/ib Unit conversion
Oil/Water Patitioning Coefficient (TCA) 242.32 unitiess  [logkoe=0.989logKow-0.202
Fraction of Air 0.05 unitless | Typical Default Value

. Density of Soil 102 tbst® Typical Default Value
Fraction Water (Porosity) 0.2 unittess | Fypical Default Value
Fraction Sail 0.75 unitless | Typical Default Value
Fraction Qil 0 unitless | Typical Default Value
Volatilization Eff. Factor 0.05 unitless [ Typical Default Value
Biodegradation Eff. Factor 0.05 unitless | Typical Default Value
Radius of influence 21 ft Well spacing
Number of West Parcel Wells 25 wells Figure 4-1 of FS
Number of East Parcel Wells 0 wells Figure 4-1 of FS
Sparge Design Flow Rate 5 scfm Adjustable, determined during startup
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SVE/AS Cakulalions

UPAR Ogdwn Rak Yerd

Horth Plume Sparging ARmatve

Frepared by, Jay Hoshina Chwckad by: Brian Symons, PE.

TABLE 8
TYPICAL AIR SPARGING PERFORMANCE, FIRST ORDER BIODEGRADATION RATE, 1,1,1-TCA (Cieanup Time Calculations)

T g IR A,
2 Eone
FgF ri a5 1o b T
2500 i/day Groundwaler Aow raie o ft'ib Sofl Partition Coefficient
V= 463.050 n* Pluma Area * Sat. Thickness  |Ko= 242,32 Ol Pantition Cooffician
X= 0.05 Fraction of Air k= U,_D_Opo fday Decay Rate {assumed to ba 0)
P,= 102 bA* Dry basks Dansity of Sil Kh= 0.3300 dimensioniess Alr Partiion Coeffictant {Hanry's)
K= 0.20 Porosity Fraction Waler
K= 0.75 Solids Fraction Soll
o= 0 Fraction Oil Eguatians
Zex 0.05 Efficlerscy factor Cw={(YCWOHBY axp(Y1)}-BYY
Q= 480,000 fovday Air Flow Rate Call)= Kh z Cwit)
¥= -2.68E-03 1iday Y= Y= - [QdVy + kiXy, + Py KS) + Q- Kh 7]
Cup= 0000137 foAt? {5+ P Ks + X KN £ + X, Ko}
Coum™ 2.2 mgiL
Cotmi®™ 0 I 8= 0.00E+00 st day B= 8= QN1 Cogy
Cutmi® 0 mgiL (e PLKS + X Mhoz + X, o)
MASS BALANCE [ibs)
STIMATED AR SPARGING PERFORMANCE
[esTMATED AR 50 J Time SYSTEMw TRENCH TRENCH TRENCH TRENCH INFLUENTm B0y  VENTEDw EFFLUENT
250 years  days Conyy (M) C oy {mgim?) MASS GWCONC. AirCome OllConc SOIL CONC. (lbs) {15} (s} (s}
o 2.200 k] 7H 128 01 G0 644 00 [rX]] 39 33
é 100 10 1.597 33 728 139 0.0 a0 588 0.0 ©0.2) 235 19.8
= 100 0036 14 295 4.8 0.0 00 248 0.0 (1.4 0.7 9.0
& i ) —TFOE 200 0318 5 M2 13 o0 09 94 0.0 0 58 49
g 1 365 G.064 1 23 G4 00 oe 19 00 (0.5} 13 14
Lo 15 5475 g0 Q 04 a1 00 00 03 0.0 0.1} 0.2 o2
5 2 730 0.002 [} a1 [1X1] 00 0.0 0.1 0.0 @1} 01 01
& 0% 3 1095 0.000 0 00 00 0.0 0.0 0.0 0.0 .0 0.0 0.0
o 5 1825 ¢.000 il o0 00 00 o0 [+ ac .0y Q.0 0.0
oo 10 Jss0 0.000 d] 00 040 a0 0.0 oo 0.¢ ao 0.0 0.0
o 00 1000 1500 2000 600 2000 00 A000 15 5475 0.000 0
TIME AFTER START OF SYSTEM {days) Total 0.0 0.0 0.0 0.0 0.0 4.3 45.6 384
02 Drlivored Cordeamad par dey
Nole: Q00175 B 02 g 10 3 5k 0240 HC depmded
(3} Irlial Mass = GW mass + Soil Mass + Gil Mass « Vapor Mass = G, " Wy " {0« (P KalheCgy 0 W+ X, Kot 1575 ts ey 000 ho2iday

{3}
tc)
(=]}
el

nfyant Mass = ., Q1 * (Time)

vented Mass = C,pnq * Q,° (Time)
Effuert Mass = Gy ugy * G * (Time)

SVEIA .mm

Bindegraded Mass = Inilial mass - Final mass + nfluent Mass - Vanted Mass - Efluent Mass

Salurlon 02
8 mgl 0w
1 244 bo2idey

Total Mass 02 requined

125 o adidey

1424 0% Alday
Q04 cmiwel

Al Nicw R uined 1o haive O axcity
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EVEIAS Cefculationy

UPRA Ogaen Fall Yard

Hanth Plums Source Spanging

Praparsd by: Jay Hosking Checioad by: Brien Symons, P.E.

TABLE %

TYPICAL AIR SPARGING PERFORMANCE, FIRST ORDER BIODEGRADATION RATE, VC (Cleanup Time Calculations)

e r
[Assumptions " T A . -
. -Aquifer Conditions TS a | Contaminant - I - o
N - s Stands For N sl S, Cd _
Q= 2500 fiiday Groundwaler low rate Kd= 0.000 Soil Parliton Coefhciant
V= 463,050 Pluma Arga * Sal Thickness  |Kop= a9 Gil Partition Cosfficiant
= 005 Fraciion of Alr = ' 056200 Iday Decay Rate (based on pilol study)
Pz 102 bt Dry basis Density of Soll Kh= £0.0000 dimensiontess Air Pantition Coeffcient (Hanry's)
p 0.20 Poresity Fraciion Water
%= 0.75 Solids Fracton Soi
= 1] Fraction 04 Equations
zve 0.05 Efficancy factor CW={YCWOH B axpVI}-BYY
Q= 180,000 f'day Adr Flow Rata Cafl)> kh z Cw(l)
¥ S3TIEH00  tday ¥ Y= = [QfVr + k{4 + P, Ks) + QNI 2j
Cuy= 0000143 b1 (Mo + P Ks ¢ X Khz + X Ko)
Cutr® 23 mplL i}
Com® o b Ba 0.00Es00 s day B= B= QONV: Cury
Com® 0 mpL (% * P, Ks + X, Kh z + X, Ko}
— MASS BALANGE {Ibs)
[ESThanTED AR sFinvowG rERFoRMANCE] Time SYSTEM» TRENCH TRENCH TRENCH TRENCH INFLUENTwm BI04  VENTED@ EFFLUENTw
180 yRrs day: Gy (Mg Cyn(mgim?) MASS GWCONC. ArrConc CiConc SOIL CONC, (s} (Ibs) {lbs) (los)
- 2.300 5.75¢ 21 134 8.3 Q0 04 0.0 123} 35 02
3o 1 v.082 205 08 05 03 00 00 0.0 ©e) 10.4 o1
g 10 G.000 1] (1] 0.0 00 00 0.0 0.0 .0y 0.0 o0
§iw ey 100 0.000 0 0.0 0.0 00 0.0 0.0 0.0 0 00 00
H 1 %5 0.600 0 0.0 0.0 0o 0.0 0.0 0.0 0.0 0.0 00
T . 5 1825 0.000 i} 00 0.0 o0 0.0 [1Xs] Q.0 an 0.0 X
] 10 3850 0.000 0 0.0 040 o0 0.0 [13+] 00 00 0.0 Lo Xr]
§ as0 + 15 5475 0.000 Q0 0.0 0.0 0.0 0.t 0.0 04 o0 0.0 00
20 7300 0.000 1} 0.0 0.0 00 0.0 00 00 on a0 LX)
o o - » . 25 8125 0.00¢ 0 0.0 00 0.0 0.0 0.0 04 al L] [iXv]
& 2000 000 $H000 woo 10003 a0 10950 0.000 0
TIME AFTER START OF SYSTEM {days) Tatal 8.0 0.0 0.0 0.0 0.0 218 43.8 0.2
02 Dabvores) © Conmined por duy
Note: Q70,0175 B 023 i 2 3.5 02fb HC degraded
(@] Initial Mass = GW mass + Soil Mass + Ol Mass + Vapor Mass = Gy, ™ Ve " D6+ (Py * KS) 00 "0V X, Ko™V 137.5 o O2dey 0.00 boZiday
() Infhrant Mass = C. ., * Qi * {Time)
(c) Biodegraded Mass = hifial mass - Final mass + nflusnt Mass - Yonted Mass - EMuant Mass Satutalion OF Total Mass O mquired
(d)  Venled Mass = Cypgn Oy " (Time) 0 mglL"Ow .25 b o2idwy
{e] Effueni Mass =L, ., * O * (Time) 1246 bo2idey AR ficw Remyuine b have O sixcwss
1424.00 hidey
0.04 cim‘wol
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